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This seminar is for those concerned with planning, administering, 
collecting, evaluating, interpreting and reporting biological data 
.related to water quality sWdies in both fresh and marine waters. 
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investigations to Administrators, project leaders and others.' 
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GLOBAL-ENVIRONMENTAL QUALITY 



I F'ROM LOCAL TO REGIONAL TO GLOBAL 
PROBLEMS 

A Environmental problenfs do not stop at * 
national frontiers, or ideological barriers. 
Pollutloo in the atmosphere '&nd oceans 
taints all nations, even those benignly, 
favored by geography, climate, or natural 
resources* 

1 The smokestacks of one country often 

• pollute the air and water of another, 

2 Tox£c effluents poured into ah inter- 
national river can kill fish in a 
neighboring nation .and ultimate^ 
pollute international seas, 

B In Antarctica, thousands of miles froni 
pollution sources, penguins and fish 
contain DDT in their fat. Recent layers 
of snow and ice on-the white continent , 

^» contain measurable amounts of lead. 
The increase can be correlated with the 
earliestrdays of lead smelting and com- 
bustion of leaded'gasolines. PCB's are 
universally distributed. • " 

C International cooperation; therefore, is 
necessary on many environmental fronts. 

. - ' ■ t . « 

# 1 Sudden accidenfs that chaotically 

* damage the environment - .such as o^l 
spills from a tanker at sea - require 

•* ' international cooperation both for 

preventioh an9 for cleanup; 
. I ' 

2 Environmental effects cahnpt be 
effectively treated by unilateral action, 

3 The ocean can no longer be considered 
a dump. % 

D "One ofthe penalties of an ecological * . 

• education is -that one lives alone in a 
% world of wound*." Much of the 'damage, 
.inftifcted on;larid is quite invisible to / 
laymeni An eGolpgist" must either harden „ 
his shell and make believe that the conse- s 
. quences oLscience are none of his x ^ 



business, «or «he must be the doctor who 
sees the marks of death in a community that 
believes itself well and does not want to 
bfe told otherwise, 11 Aldo Leopold 

H CHANQES IN ECOSYSTEMS ARE 
OCCURI^G CONTINUOUSLY 

A Myriad interactions take -place at every 
moment of the day as plants and animals 
re'spond to .variations in their surroundings 
and to each other. Evolution lias' produced* 
for each species*, including man, .a genetic 
composition that limits how far that 
^Sp^cies can go in adjusting to sudden • * 
changes in its Surroundings. But within 
these limits the several thousand species, 
in an ecosystem,, or for that xiiatterv the 
millions in the biosphere, continuously 
adjust to outside sti muli. Since inter- 
actions are so numerous, they form long 
chains of reactions. 

B Small changes in one part of ecosystem 
are likely to be felt and compensated for 
eventually throughout the system. 
Dramatic examples of : ch'ange t can be seen 
wh^re man has altered the course of 
nature. , It is vividly evident in his well- 
intentioned- but poorly thought X>ut tampering 
with river, lake, and other ecosystems. 



1 The Aswan High Dam 

2 The St. Lawrence Seaway 
3, Lake'Kariba 

4 The. Great Lakes* 



- 5 Vajley of Mexico 

* 6 California earth*<make (Scientific 
American 3981, p. 333) 

7 Everglades and4he-Miami, Florida 
\ Jejtport 

/8 Oopperhill, Tennessee. (Copper Basin) 

* % • * 
.9 (You may add others) 
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.C Ecosystem Stability 



The stability of a particular ecosystem 
depends* on its diversity/ The more ' 
tnterdepend&icies in an ecosystem, the 
greater the chances that it will be able 
to compensate for changes imposed . 
upon it. . * * f 



2 A cornfield or lawn has little natural 

. stability. If they are not constantly - 
and carefully cultivated/ they will not 
' remain cornfields or lawns but, will 
soon be overgrown with a wide variety 

-•of hardier plants constituting a more ^ 
stable "ecosystem. 

3 The chemical elements that make up 
living systems also depend on complex, 
diverse sources to prevent. cyclic 
shortages or oversupply. » 

4 Similar diversity is essential for the? 
/ continued functioning of the cycle Jby 
/ v^hich atmospheric nitrogen is made 

avail$ble.$p allow life to exist. This 
cycle depends on a wide variety of 
organisms, including soil bacteria and 
fungi, which are often destroyed by 
pesticides in the soil. 

5 . A numerical expression of diversity 

is often' used in defining streajn water 
quality. 

D Biological Pollution 



2 Invertebrates 

a Asian Clams have a pelagic veliger 
larvae, thus, a variety of. hydro 
* installations are vulnerable to sub- 
sequent pipe clogging by the adult , 
clams. • 

b Melanian snails are intermediate 
hosts for various trematodes 
parasitic on^man. 

'J . \ 

3 Vertebrates 

a At least 25 exotic species of fish, 
have been established in North 
America. * * 

b Birds, including starlings and 
cattle egrets. ^ 

c Mammals, including nutria, ' 

4 Aquatic plants 

Over twenty corpmon exotic species 
are growing wild in the United States-. 
* The problem of waterway clogging has 
been especially severe in parts of the 
Southeast. 

5 Pathogens and Pests 

Introduction of insect pests and tree 
pathogens have had severe economic ■ 
• effects, t ^ 



Contamination of living native biota^ by 
introduction of exotic life forms has been 
called biological pollution by Lacfrner 
ejfc &I« Some of these introductions are 
compared to contamination as severe as 
a dangerous chemical release. They 
also threaten to replace known wildlife 
resources with specie? of little or un^ 
known »value» . * 4 

Tropical areas; haye especially^ been 
vulnerable, Florida is referreti.toas / 
1 -a biological cesspool of introdjic^d life. ,! 



III LAWS OF ECOLOGY 

6 

A Four principles have been enunciated by 
Dr. .Barry Commoner. ^ 

1 Everything is connected to everything 
else. - • ' . 

2 Everything must go somewhere. 



3 Nature knows best* 



' \ There is no such thing as a free.lunch. 



B These may be summarized by the.principl< 
n yoii c$A f t do just one thing./ 1 / 
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IV THE THREE PRINCIPLES' OF , 

- ENVIRONMENTAL CONTROL (Wolman) 



A You can ! t escUpe. 

B. You have to organize. 

C You have to pay. 



V LEOPOLD'S PRINCIPLE OF BIOTIC 
* . CAPITAL 

11 The releases of biotic capita* tend to § 
becloud or postpone the penalties of 
violence 11 . Can you apply this to other 
Mparts of this oullftfe? 

VI POLLUTION COMES IN MANY PACKAGES 

A The sources of air, water, and land 
pollution are interrelated and often 
interchangeable. 

/ » 
i A single source may pollute the air 
with smoke and chemicals, ,the land 
with solid Wastes, and a river or lake 
with chemical and other wastes. 



\ 



Control of air pollution n\ay produce 
more solid wastes, % which then pollute 
the lapd or water. 

- Control of Wastewater effluent may , 
cojfcert in* 0 solid wastes, which 
mira£be -disposed of bn land, or by 
combustion to the air. 



4 ; Some pollutants - chemicals, radiation, ## 
pesticides - appear in aftl media. 

B "Disposal" is as important and as costly 
.'as purification, 

VH PERSISTENT CHEMICALS IN THE 
ENVIRONMENT 

V 

Increasingly complex manufacturing, processes, 
coupled .with' rising industrialization, Create 
•greater amounts of exotic wastes potentially 
$3xic to humans and aquatic iife. 

They may also \$e teratogenic (toxicants . t 
respoAsibleJfor changes in tiie embryo with- 
restating, birth defects, ex.; thaUdomicJe), 



mutagenic (insults which produce mutations, 
ex. , radiation), or carcinogenic (insults 
which induce cancer, ex. ; benzopyrenes) in 
effect. Most carcinogens jire also muta- V 
-genie. For ail*of these there are no thresh-' * 
hold levels as in tonicity. Fortunately *there 
are simple rapid tests for mutagenicity using 
bacteria. Tests with aftimals,are not always 
conclusive. * „ • # 

A Metals - current levels of cadmium, lead, 
and other substances are a growing coricertf 
for they affect not only fish and .wildlife but 
ultimately marvhimself. Mercury pollution, 
fo]> example, ; has become a serious problem, 
yet mercury has been present on earth since 
time immemorial* 

B Pesticides 



A pesticide and its metabolites may 
move through an ecosystem in many 
ways. Hard (pesticides which are 
persistent, having a long half-life in 
the environment includes the organo- 
chlorines,, ex. , DDT) pesticides 
ingested or otherwise borne by the 
target species will' stay in the 
environment, possibly to be recycled 
t or concentrated further through the 
► natural action of food chains if the 
species is oaten. Most of the volume 
of pesticides do not reach their.target 
at*all. >. 

V . • * ^ 

2 Biological magnification 

Initially, iow -levels- of-persistgnt 
pesticides iri v air,' soil, and water " 
-may- be concentrated at every step. 

. up the food chain. Minute aquatic 
organisms" ajid scavengers,- which 
screen water and botiom mud having 

K pesticide levels of a few parts per • > 
billion, can accumulate, levels, 
measured in parts per million 



4 thousandfold increaS^* Thp sediments 
including^ fecal deposits ar^ continuously 
recycled' by J;he bottom* aijirfial's, % '\ . 

a Oysters^ for instance, will con- 
centrate DDT 70, 000 times higher 
in their tissue* than it 1 ^concentration 
in surrounding water. They can 
also partially cleanse themselves 
in water free of DDT. 



Global Deterioration and Our Environmental, Crisis 



b Fish feeding on lower organisms 

build up concentrations in their 
% visceral fat.whi'ch may reach several* 
thousand parts per million and levels 
iii their f edible flesh of hundreds of 
parts per million. ' 

a ' 

"c Xarger animals, such as fish- 
bating gulls anjl other^ birds, can 
further concentrate the chemical^. 
A survey on organochlorine residues 
in aquatic birds in- the Cnadian 
prairie provinces showed that 
California and ring-billed gqlls were 
among the most contaminated. 
Since gulls breejd in colonies, breed- 
ing population changes can be 
% detected and related' to levels of 
chemical contamination. Ecological 
refeearch^on colonial birds to monitor 

n» - the effects of chemical^pollution on 
the environment is useful!* - 



C* VPolychlorin^ited'biphenyls 1 ' (PCBVs). 

PCB ! s are i^sed in plasticizers, asphalt, 

ink, paper, afid a host of other products. 

Action has been taken to.* curtail their 
% release to the environment, since their 

^effects are similar to hard pesticides. 

•D Other compounds which are toxic and 
accumulate in the ecosystem: 



ignorance, and decision as *to risks 
involved.. Some advertising slogans now 
tave more than an intended meaning. 

H Wittingly or unwittingly we have aH become 
a King Mithridates. v And even a fish is no 
longer a fish! ' 

VIII EXAMPLES OF SOME EARLY WARNING" 
SIGNALS THAT HAVE BEEIvPDETECTED 
BUT FORGOTTEN, OR IGNORED. 

A Magnetic micro -spherules in lake sediments 
now used to detect changes in industrial- , % 
zationlndipate our slowness torecogiiize 
indicators of 'environmental change. 

B Salmonid fish kills in poorly buffered clean 
lakes in Sweden. OVer the past years there 
had been a^succepsive increase of SOg in the 
air and precipitation. Thus, ^ir-borne con- 
tamination from industrialized European 

countries h^d a great ihfluence on previously 

unpolluted jw^ters^ and their life. 

t Minimata, Japan and mercury pollution. * 

D Organochlorine levels in commercial and 
sport fishing, stocksv ex. , the lower 
Mississippi River fjlsh kiUs. . / \ 

E* You may complete th.e following: 



<1 Phalate esters - may interfere with 
pesticide analyses 



Z Benzopjrrenes 

E Refractory compounds like pentachloro- 
prfenal and hexachlprpphene are poorly 
removed by both water treatment plants 
and wastewater treatment plants. 



A 



F • It is estimated that 80% to 90% of cancers 
axe causfed by cheftiicals both in the work- 
ing' environment and total environment. 
This is shown by high risk industries and . 
living areas* . * 

G Most ot the problems of persistent and ' " 
dangerous chemicals in the-environ^nent 

, are "after-the-fact 11 . The solution * 
obviously is tied to prevention. * This is 

' eKtr&mely complicated by economic^, 



IX SUMMARY 

# 

A Ecosystems of the world are linked * 
together through biogeochfemical cycles 
which are determined by patterns of 
transfer and concentrations of substances 
* in tjie bipsphere.arid surface*rocks. 



r 



B Organisms determine or strongly influenc^J 
chemical and physical characteristics of 
the atmosphere, soil, and waters. 

' t 

C The inability of man^to adequately predict 
< _J ox \ control his effects on the environment < 
is 'indicated by his lack of knowledge con- 
cerjjing the net effect of atmospheric 
pollution on the 'earth's climate. 



D Serious potential hazards for man which , 
are all globally dispersed, are radio- 
nuclides, ^organic chemicals, pesticides* 
and combustion products, * J 

E Environmental destruction is in lockstep 
. with our population growth. 
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THE AQUATIC 'ENVIRONMENT 
Part '1: The Nature and Behavior of Water 



I INTRODUCTION 

The earth is physically divisible into the 
lithosphere or land masses, and the 
hydrosphere which includes the oceans, 
lakfes, streams," and subterranean waters; - 
and the atmosphere* 

A Upon the.hydrospere are based a numbers 
' of sciences which represent different 
approaches. Hydrology is the general- 
science of water itself with its various 
special fields such as hydrography, 
hydraulics, etc. These in turn merge 
into physical chemistry ai\d chemistry. 

B Limnology and oceanography combine 
aspects of all of these, and deal not only 
with the physical liquid water and its 
various paturally occurring solutions and 



forms, but also with living organiisms 
and the infinite interactions that occur 
between them and their \environment. 



Water quality management, including 
pollution, control, -thus looh^ to all 
branches of aquatic science in efforts 
.to coordinate and improve man's I 
relationship. with his aquatic environment. 



HE* 



H SOME FAp^S ABOUT WATER 

A Water is the only abundant liquid on ou r 

planet. It has many properties .most 
. unusual for liquids, upon which depend 

/ jnost "of the* familiar aspects of the world 
about u$ as we know-it. J[Se^ Table 1) 



* TABLE 1 
* UNIQUE PROPERTIES OF WATER 



Property 



Significance 



Highest heat capacity (specific heat) 6f any 
solid or liquid (except NHg) 



Stabilizes temperatures of organisms and 
geographical regions 



^Highest* latent heat^f fusion (except NH^) 



Thermostatic effect at freezing point 



Highest heat of evaporation of any substance 



Important In heat and water transfer of 
atmosphere 



- The only substance ^hat has Its maximum 
density as a liquid fto*C) 

} * ' m 



-^*resh -and. brackish waters have maximum 
density above freezing point. This Is 
Important In vertical circulation pattern 
in lakes. . 



Highest surface tension of any Uguid 



Controls surface and drop phenomena*, 
Important In cellular physiology . 



Dissolves more substances In greater 
quantity* than any other liquid . 



Makes complex ^biological system possible. 
Important for transportation of*mate rials 
In solution. ,< , ^ ' 



Purs water IJa's the highest dl- electric 
constant of any liquid 



Leads to high dissociation of inorganic 
substances in solution 



: materi 
norgaftic 



-Very little electrolytic dissociation 



Neutral, yet contains both H+ ami OH~ Ions 



Relatively transparent 



Absorbs much energy In Infra red and ultra 
violet ranges, but littla.in visible range* 
Hence "colorless'^ " „ - 



B Physical Factors of Significance 



1 Water substance 



TABLE 2 > 

EFFECTS OF TEMPERATURE ON DENSITY 
OF PURE WATER AND ICE** 



\ 



Water is not simply^HgO 11 but in 
reality is a mixture of\some*33 
different substances involving thFe^e 

v ^isotopes each of hydrogen smd oxygen 

\ '(ordinary hydrogen H 1 , deuterium H # < 
an d tritium H 3 ; ordinary oxyge'n O 16 , 
oxygen 17, and oxygen .18) plus i5 x 
v known types of ions. The molecules - 

. -of a water niass Jenc} to associate . 

* themselves as polymers rather than 
to remain as discrete units. 
(See Figure 1) % 



SUBSTANCE OF PURE WATER 



Temperature (°C) 



Jtensity ' 



Water 



Ice** 




-10 

- 8 

- 6 

- 4 

- 2 
0 

• 2 
4 
6 
8 
10 
20' 
40 
60 
>80 
100 



.99815 
.99869 
.99912 
,99945 
.99970 
.99987- 
. 999^7 
L. 00000 
.99997 
.9998*8 
.99973 
.99823 
.99225 
-.98324 
.97183 
..95838 



. 93 97 

.9360 

.9020 

.927.7 

,.9229*. 

\9168 



©«©•© '%.%.%%%*$$■ 

, * » f 



2 Density 



- '"V 



a Temperature and density: Ice. 
Water is the only known substance ^ 
in which the Solid state will float 
'on the liquid state.; ($ee Table 2) 



. *\ Tabular values for density, etc., represent 

estimates by various workers rather than 
v abs<51ute^values, due to the variability of 
' water. * 

•• 'f 

*^ Regular*ice is known as "ice'I". Four or 
more otheV "forms" of ice are known to - 
exist (ice II, ice U\ $ etc. >, having densities 
% Rt 1 atm. pressure ranging from 1^1595 
Jo i.67.^These a*e of extremeiy*restricted 
occurrence and may be ignored^ in most 
routine operations , fr* 

* • * 

\ * This ensures that ice usually 

forms ori top of a body of. water \ 
f %nd tends to insulate the ^remain- 
ing water mass from further losp 
of heat. Did' ice sink, there.. 4 
could b$ little or no carryover of 
* aquatic* life from season to season^ 

in the higher latitudes. Frazil or?* 

* needle ice forms *colloidally at a 
* few thousandths^ of a degree , 

feelow 0° "c. It is adhesive and ~ 



may build up on submerged Objects ' 
— !t an<*ho> ice 11 , but it is still 1 - 



as 



typical ice (ice. I), 



t 



The Aquatic Environment 



1) Seasonal increase in solar 
radiation, annually warms 
surface waterl*ta*summer 
while other factors Ye suit in, 
wintet cooling* The density 
differences resulting establish ■ 
two classic layers: the epilimnion 
or surface lay^r, and the 
hypolimnion or lower layer, and 
in between is the thermocline 
or shear- plane. 



2) 



While for certain theoretical 
purposes a "thermocline 11 is 
defined as a zone in which the 
temperature changes one 
degree centigrade for each • 
meter of depth, in practice, 
any transitional layer between 
two relatively 'stable masses 
of water of different temper- 
ature's may Ije regarded as a 
thermocline* 



3) Obviously the greater the \ 
temperature* differences 
between epilirfinion and 

. hypolimnion and the sharper 
the gradient ih the thermocline, 

Q *the oiore stable will the ** , 
situation be; " ^ ^ 

4) From information giveri^afctove, - ^ 
. ft should be evident that While- '* 

the temperature of the • 

• hypolimnidn rarely drops 
much below 4° C, the, 
epilimnion may^range from 

' 0° C upward. • 

5) When epilimnion and hypolimnion 

, € achieve the same temperature, * 

* stratification ho longer exists . 
Tfre|entire bo<ly of water behaves 
hydf ologically as a u^it, and 
tends tq assume uniform chemical - 
and physical characteristics* ^' 
Even a lig^t breeze* may then 
cause tiie entire feody of water 

fo circulate.. Sjich events jare called 
, overturns, and usually result in *** 
water qtiality changes of consider- 
able physical, chemical^ and A 
biological s'ignificance> V 




Mineral-rich water from the * 
hypolimnion, 'for example, 
' is mixed with oxygenated 
water from the epilimnion. 
This usually'triggers a * 
sudden -growth or "bloom 11 - 
of plankton organisms. , 

6) When stratification is preseiit, 
however, each layer behaves 
relatively independently, and 
significant quality differences 
may develop. * 



Thermal stratification as 
de^dribed above has no 
reference to the size of the 
water mass; iMs found in 
oceans and puddles. 



, ^ b The relative densities of the 
various isotopes of water 
influence its molecular com- 
position, For example, the 
lighter 0 16 T&nds to go off - 
* first in the process of evaporation, 
leading fo the relative enrichment 
j~cfr>*ir by -and the enrichment 
of water by 0 17 and This - 

can lead to a measuraM^-shigher 

contep^ in-warn>er climates. * 
Also, d jthe temperatur^ of water 
in past geologic •* ages can be • 
closely estimated from- the ratio, 

°fOi8 in the carbonate of mollusc 
shells, • 

e Dissolved ai\d/or suspended soli'ds * 
may also affecfthe density of 
natural water masses (See Table 3) 

".*"*•• .TABLES 
EFFECTS OFJDIS'SOLVED SOLIDS 
ON DENSITY 



Dissolved Solids 
(Grams per lite?) , - 


Density 
(at 40<3) 


0 


I. 00000 




1.00085 




. 1.00169 




1.00251 


./ 10 - • 


* i. 00818 


39 (mean for sea water) . 

! ■ ) ^ 


1.02822 
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d Types of density stratification 

1) Density differences product 
stratification which may be 
permanent, transient, or 
seasonal. # 

2) Permanent stratification 
exists for example where 

, there is a heavy mass of m , . * 
brine in the deeper areas of 
a* bafein which does not respond 
to seasonal or other changing 
conditions. 

. 3) Transient stratification may 
occur with the recurrent 
'influx of tidal water in an 
estuary for example, or the 
occasional influx of cold 
muddy water into a deep lake* 
or reservoir. 

4) Seasonal* stratification is-' 

■ typically thermal -in nature, 
and involves the annual 
establishment qf the epilimnion, 
hypolimnion, and thermoclin'e 
as described above. 

5) Density stratification is not 
limited to two- layered systems; 
three, four, 'or even more 
layers, may be encountered in 
larger- bodies of water . 

e *,A "pliftge line" (sometimes called^ " 
"thermal line 11 ) may develop at^ i 
the mouth^of a,' stream. Heavier 
water, flowing into a lake or 
reservoir plunges below the 
_ ^Ifghter^water mass of the^epi^imirdum, 
to flow along ajt a lower levdl. . Such 
a line is* usually marked by arf 

* accumulation <if floating debris. 



This is important not only in situations' 
involving the control of flowing water 
as in a sand filter, but also qince 
overcoming resistance to flow gen- 
erates hd'at, it i$ significant in the 
heating of water by internal friction 
•from wave and current action. 
Living organisms more easily support 
themselves in the more viscous 
. (and also denser) cold waters of the, 
arctic than in the legs viscous warm 
waters of the tropics, (See Table 4). 



TABLE 4 



VISCOSITY OF WATER (In millipoises at 1 atm) 





Dissolved solids. in g/L 


t 

Temp, o C 


0 


5f 


10 


30 


-io 


26,0 








- 5 9 . 


2^.4 


i 


• o 




* » 
0 


17.94 


18.1 


18.24 


18.7 ' 


5 


15.19 


15.3 


J5.5 


16.0 


10 


13. 10 


13.2 


v T3.4 


13.8 


, - 30 


8.00 ' 


8.1 


8.2 


8.6 


100' 


2„84 









Stratification maybe modified ^ • 
or entirely suppressed in some 
cases when deemed expedient, by 
means of -a simple air lift. • 



-The viscosity, of water is greater at ■ 
lower temperatures (see Table ,4). 



4 Surface tension has biological as well 
as physical significance. Organisms 
whose body surfaces cannot be wet by 
water can either ride on the surface , 
film or in some instances may be 
"trapped 11 on surface film and be 

♦ unable to re-enter the. water. • *,i 

5 Heat or energy 

Incident solar radiatioh is the prime 
source of energy for virtually all 
organic and most inorganic processes 
otjjearth. For the earth as ^wiole," ' 

* the totatamount <of energy) received 
'annually must exactly balance that s 

lost by reflection and radiation .into 
space if climatic arid related con- 
- ditions«are to remain relatively 
constant over geologic time. 
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a *For*a given body of frfrter, 
* immediate sources of §nergy- 

* include \n addition to solar # 
irradiation: terrestrial heat, 
transformation of kinetic energy 
(wave and current action) to heat, 
.chemical an<J biochemical^ 
reactions, convefctibri from* the 
atmosphere, and, condensation of 
water vapor/* 

b The proportion of light reflected 
depe'rfds on the angle of incidence, 
the temperature, color, and other 
qualities of the water; and the 
presence or absence of films 
of lighter liquids such as oil. 
In general/ as the-^epth increases 
arithmetically, the light tends to 
decrease geometrically* Blues, 
greens, and yellows^tend to 
penetrate most deeply while ultra \ 
violet, violets, and orange- reds 
' are most quickly absorbed. On 
thg"order'of 90% of the total 
illumination which penetrates the 
sjurface film is absorbed in the 
first 10 meters of even the clearest 
water, thus, tending to warm the 

i upper la^jprs. 

Water movements^ 

a Waves or rhytHmic movement 

1) The best known are traveling 
waves caused by wind. These are 
effective only against objects near 
the surface. They have little 
effect on the movement of large 
masses of water. ^ 

2) Seiches- 

Standing waves or* seiche's occur 
in lakes, estuaries, arid, other 
enclosed bodies, of water,' put are 
seldom large enough to be 
* observed. t An "internal wave or 
> -Belch 11 is an Oscillation in a 
submersed -mass of water such 
&s st hypplimnion^ accompanied, 
by compensating oscillation in the 
overlying water so that np 
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significant change in surfacg^ 
level is detected. Shifts in * 
submerged water masses of 
this type can have severe effects N 
on the biota and also on human 
water uses where withdrawals 4 . 
are confined to a given depth. 
Descriptions and analyses of 
many other types and sub-types 
of waves and wave-like movements 
may be found in the literature. 

b Tides * 

1) Tides are" the longest waves 
known, 1 * and ar,e responsible for 

. the once or twice a day rythmic 
rise and fall of the ocean level 
on most shores around the world. 

2) While part and parcel of the 
same phenomenon, it is often 
convenient to refer to the rise 
and fall of the water level as 
"tide, M and to the resulting 
currents as "tidal' qur rent s. 11 

3) . Tides are basically caused by the 

attraction 'of the' sun and moon on 
-water masses, large and small; 
however; it is only in the oceans 
and p6ssibly certain of the larger 
• i lakes that true tidal action has, • 
beffen^demonstrated. The ]3atter]\s 
• " of tidal. actiort are enormously. ' „ 
complicated by local topography, 
interaction with seiches, and other 
factprs. The literature on tides 
is very large. 

c Currents (except tidal currents) 

are steady arythmic water movements 
. which have had major stucfy only in 
oceanography although they are 
most often observed in rivers and 
streams. 'They are primarily , 
►concerned with the translocation of 
water masses. They iifeybe generated 
t interinklly by virtue pf density changes, 
or externally by wind or -terrestrial 
topography. Turbulence phehomena «. 
or eddy currents are largely respon- 
sible for lateral mixing in a current, 
^heselare of far more importance 
in the economy of a body<oif water than 
mere^lkminar fjlow. *" 
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Coriolis force is a result pi inter- * 
action between the rotation of the 
earth, .and the movement of masses 
or bodies on the- earth. "The.net 
result is a flight tendency for moving 
objects to veer to thej^ight in the 
northern hemisphere,wnd to the 
left in the southern hemisphere. 
While the result in fresh waters is 
usually negligible, 'it may be con- 
siderable in 'marine waters. For 
example, other factors^permitting, 
there is Msndency'in estuaries for 
fresh waters to move toward the 
ocean faster along the right bank, 
while, salt tidal waters tend to 
intrude farther inland along -the. 
left bank. Effects arte even more 
dramatic in the open oceans. 

Langmuir, circulation (or.L. spirals) 
is the interlocking rotation of 
somewhat cylindrical masses of 
surface water under the influence 
of wind action. The axes of the ■ 
cylinders* are parallel to the 
^direction* of the wind. 



Tek somewhat' oversimplify the x 
concept, a series ot adjoining cells ' 
might be thought of as chains of 
interlocking gears in which at every 
other contact the teeth a*e rising ' 
while at the alternate contacts, t'hey 
are sinking (Figure 2). 

The result is elongated masses of 
water rising or sinking together. * 
This produces the familiar, "wind 
rows' 1 of foam, flotsam and jetsam, 
or plankton often seen streaking 
windblown lakes or oceans. Certain 
zoo-plankton struggling to maintain 
a. position near the surface tend t&^ 
collect in the dowircurrent. between 
two Langmuir cells, causing such 
an area t9 be called the "red dance", 
while the c|fcar upwelling water 
between is the "blue cjance". -?*r 

This phenomenon may be important 
in water or plankton sampling on 
a windy day. 




JNATER 
SURFACE 



WATER 
RISING 



WATER 
SINKING 



Figure 2 . Langmuire Spirals 
b. Blue dance, water rising, r. Red 
dance, water sinking, fating or s 
swimming objects concentrated, 



6 The pH of pure'frater jias.bee^deter- 1 
mined between 5.7 arfd -T. 01 by various 
* workers. The., latter Valine is^most 
widely accepted at the present time. 
Natural waters of cpurse vary widely 
according to circumstances/ "\ 

The elements of hydrology mentioned 
above represent £ select ion, of some of 
the more conspicuous physical factors 
involved in -working with water "quality. 
Other itemS not specifically mentioned 
include: molecular structure of waters, 
interaction ofwater and radiation, 
internal pressure, acoiitftical. charac- 
teristics, pressure-volume-tempetature 
relationships; refractivity, 'luminescence, 
color, dielectrical -characteristics' and 
phenomena, solubility, action and inter- 
actions of gases, liquids and solids, • 
water vapor, phenomena of hydrostatics \ 
arid hydrodynamics in general. / . * 
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I **lNTRObtJCTION 

Part 1 introduced the lithosphere and.the 
hydrosphere* .Part 2 will deal with certain 
general "aspects of the biosphere, or the 9 
sphere of life on this earth, which photo- . 
graphs from space have shown is a finite 
globe in infinite spacer % 

This -is the habitat of man and the other 
organisms. His relationships- with the 
aquatic biosphereare our corjitaon concern. 



II THE BIOLOGICA L NATURE OF THE 
WORLD' WE LIVE IN* 

A We can only imagine whdfr this world 

■ *must haye been like before there was life. 

r B The world as, we know it is largely shaped 
by th§ forces of life. 

1 Primitive forms of life created organic 
matter and established soilT 

2 PlantS cover the landsland enormously 
• influence the forces of^psion, 

3 - The nature and rate of erosicfti affect 

the redistribution of materials 
(ahd mass) on the surface of the 
^ x earth (topographic changes). 

. * ■ ~» * • 

4 -Organisms tie up vast quantities of 
f 'Certain chemicals, such as carbon 

and oxygen. 



5 Respiration of plants and animals 
releases carbon dioxide to the 
atmosphere in influential quantities. 

6 CO n affects the heat transmission of 
? — the^atmosphereo- ~ . , * _ • 

C Organisms respond to and in turn affect* 
their environment . Man. is one of the 
mbst influential. 



HI ECOLOGY IS THE' STUDY QP THE 
INTERRELATIONSHIPS BETWEEN 
ORGANISMS, AND BETWEEN ORGA- 

M ,NISMS AND THEIR ENVIRONMENT, 

* 

A The ecosystem is the basis functional 
unit of ecology. Any area of nature that 
includes living organisms and ijpqjiving 
substances interacting to produce aft 
exchange of materials between the living 
and nonliving parts constitutes an 
ecosystem. (Odum, 1959) 
. * 

1 From a structural standpoint,, it is 
convenient to recognize four r 
constituents as composing an 
.ecosystem "(Figure 1), '* 

: '-^ * . 

a Abiotic NUTRIENT MINERALS 
whichiarejthe physical stuff of/ 

• whidrliying protoplasm will be 
synthesized. 



Autotrophic (self- nourishing) or 
PRODUCER organisms. These 
are largely the green plants 
(holophytes), but other minor 
groups must also be included 
JSee Figure 2)i They assimilate 
the nutrient minerals; by the use 
of considerable energy, and combine 
them into flying organic substance; 

Heterotrophic (t>ttiei^rioui:ishing) 
CONSUMERS (holozoic). are chiefly 
the animals. Tfcey ingest (or eat) 
and^iigekt organic matter, releasing 
considerable^itergyin the process* 



d Heterotrpphic BEDUCERS are chiefly 
* bacteria and fungi that return - * 
.SSdfnplex organic compounds back to *' 
V . t^e original abiotic mineral condition, 
thereby releasing the remaining 
chemical energy, ' / 

From a functional standpoint; an 
ecosystem haatwo parts (Figure 2) 

* '-V _ J - . 
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CONSUMERS 




PRODUCERS 



-vi 



REDUCERS 




v 



NUTRIENT 
MINERALS 




FIGURE 1 



a The autotrophic or producter 
organisms, which utilize light 
energy or the oxidation<dfin»- 
" • organic compounds as their , 
• sole energy-source. •* • 

b The heterotropic or consumer 
and reducer organisms which - 
utilizes organic , compounds for 
its energy and carbon requirements. 

3 . Unless the autotrophic and hetero- 
trophic phases of the cycle, approximate 
a'cb^mic'eqtiilibrium! the eco&ystem 
and the environment- will change, 

B Each.of these groups includes simple, 
rfingle- celled representatives, persisting - 
at lower levels on the evolutionary stems . 
of th^r higher organisms*, (Figure 2)^ . 

1 „ These groups' span the gaps between the 
hijgher. kingdoms with a multitude of 
transitibnalJTorms, They are collectively 
called the PROTISTA arid, MOfrERA» , 



These two grpups can be defined on 
the basis of relative complexity of 
structure* 

* / • * 

a The bacteria and blue- green algae, 
lacking a nuclear membrane are 
the Mctnera. • * " • 

b % The jingle- celled algae and 
pflttozoa are Protista. 



Distributed throughout these groups will 
be found -most of the traditionajj'phyla 11 
of classic biology, ^ 



IV 
A 



FUNCTIONING OF THE ECOSYSTEM t 



A food chain is the transfer of food energy 
from plants through a series of organisms 
with jrepeated eating and being eaten. . 
Fppd chains are not isolated, secpi'taces but 
are interconnected/ 

19 ' . ; 



RELATIONSHIPS BETWEEN FREE LIVING AQUATIC ORGANISMS 

.Ene rgy Flows from Left to Right A General Evolutionary Sequence is Upward 



PRODUCERS 



Organic Material Produced , 
Usually by Photosynthesis " 



I 



CONSUMERS 

Organic Material Ingest 
Consumed 
Digested Internally 



REDUCERS 



Organic Material Reduced 
by Extracellular Digestion 
and Intracellular Metabolism 
tp Mineral Condition , nX 



ENERGY STORED 



ENERGY RELEASED 



ENERGY RELEASED 



Flowering Plants and 
Gymnosperms 


J~ 

Arachnids) 
Insects • 


^ i 

Mammals \ 
"Birds * 


■ 1 ■ j» 

< 

• • i 
Basidiomycetes \ * 


Club Mossfes, Ferns 


Crustaceaflfe 


Reptiles 




Liverworts, faoss^s 


Segmented \v\)iyris 
Molluscs 


Amphibians 

■9 

Wishes 


* Fungi Imperfecti 

« s V 


Multicellular Green 
Algae 


Bryozoa 
Rotifers , 
Roundworms • 


Q 

Primitive 
*^ Chordates 

. Edhinoderms 


-* 

Ascomycetes 


Red Algae 


Flatworms 




Brown Algae* h 


Coelente rates 

Sponges 


Higher Phycomycetes 



> 



DEVELOPMENT OF MULTICELLULAR ORCOENOCYT1C STRUCTURE 



Unicellular Green* Algae 
Diatoms,* • * 

Pigmented Flagellates* . 



PROTISTA 

4 

P* r-o t o z o a 



Amoeboid 

Flagellated, 
(non- pigmented) 



CiUiated 
Suctoria 



Lower 
t Phycomycetes 
(Chytridiales) et. al. ) 



, Blue Green Algae 

Phototropic Bacteria 



DEVELOPMENT OF A NUCLEAfc MEMBRANE •* 

1 i i 9 

MONERA 

. I I 
II 
• I I 
I I 

Chemotropic Bacteria | | - Types 

'. ii 



Actinomycetes 
Spirochaetes ~< 



\ Saprophytic 
Bacterial 



Bl. ECCX.pl.-2a. 1. 69 



FIGURE 2 
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A*food web is the interlocking pattern of 
food chains in an ecosystem. , (Figures 3, 4) 
In complex natural communities, organisms 
w£ose,food is obtained by the same number 
of steps are said" to belong to the same s 
trophic? (feeding) level. . f 

Trophic Levels 

4 JL First;- Green plants (producers) 

(Figure 5) fix biochemical energy and 
synthesize basic organic substances. 
This is "primary production . ' 

' 2 Second - Plant eating animals (herfcivoi'es) 
depend on the producer .organisms for 
food. t. ^ 

3 Third - Primary carnivores, animals t 
which feed on herbivores.- 

4 Fourth— -Secondary carnivores feed on 
primarj^carnivores.. > 

* * •*•#•» 

5 Last - Ultimate carnivores ajre the Istst 
or ultimate letfel of consumers; 



D Total Assimilation 

<The e^rfdtSiit of energy which flows'through 
a trophic leveLis distributed between the 
• production of biomass (living -substance); 
and the demands of respiration (internal 
energy iise 1)y living organism^) in a ratio 
of apprbxim^tely 1:10. * ^ 
E Trophic ^Structure of the Ecosystem 

The interaction of the food chain 
phenomena (with energy loss at each 
transfer) results in various communities 
having* definite trophic structure or energy 
levels. Trophic structure maybe 
measured and described either in terms 
Ttftfie standing crop per unit area or in 
terms of. energy fixed per unit area per 
unit time at succes^iver trophic levels. 
Trophic structure an& function can be 
1 shown graphically by* means of ecological 
pyramids (Figure 5). 



4 



\ 



SUM 




Figure 3! ijtogram cf tft pona ceowiUn. Bulc units ariu. follow: L abioUc iubsUu*es-baste ^organic and.. 
. orSnfe conipoundVUA. prXcen3d vegdrforij.HB, produeen-^oplankton;. HI-U, P^^T^ 
. vigaaw Mijwiwi « •< > t . „_° /t,..wi n «^_i«vr*ffiVton; I1I-2, iefcondary coosuown (car* 



TbVbivonM fcbbttoln fcnni; IIM8. pflmvy coniumerMhejfc^ 

22^^ <SrnIvbrWr^ «d jungi of dmy. 



2-12 



• 21 



: \.» - " 



7. 



(a) - 



Decomposers 



i 



I 1 



CaYnivareq j[Secondar y) 
Carnivore* (Primary I 
Herbivores, 



Producers 



(c) 
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7777 
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Figure 5. HYPOTHETICAL PYRAMIDS of 
(a) Numbers bf individuals, (b) Biomass, and 
(c) Energy (Shading Indicates Energy Loss) 1 . 



V BIOTIC COMMUNITIES 



Includes bacteria, algae, f protozoa, jand 
other microscopic animals, and often the •» 
young or embryonic stages of algae and* 
other organisms tj*at normally grow up ' 
to become a part ofNthe tjenthos {aeb below). 
Many plai>ktonic types will^also adhere 
♦ to surfaces as periphyton, and some 
"typical periphyton may break off and \ 
be collected a$ ^la^kt^rp,. - 3 . M , 

Benthos are the plants and animals living 
■ on, in, or closely associated with the 
bbttori&i '•They include plants and 
Invertebrates^ > - 



D Nekton are the community of strong 

aggressive swimmers of the open wafers, 
often called pellagic. Certain .fishes, 
whales, and invertebrates -such as 
' shrimps' and squids are included here. 

E The marsh comihunity is based on larger. 
"higher 11 plants, floating aiid emergent. 
Both marine Und freshwater marshes are 
areas of enormous biolpgieal production. 
Collectively known as "wetlands 11 , thfey 
bridge the gap between the' waters and^the 
dry lands. • 



A Pl&nkton are the macrosfcopic and 
, microspopic animals, plants, bacteria, 

etc. floating free in the open water. 
A Many clog filters, cause tastes, odors, 
and other troubled in water supplies* v * 
^E&gs and larvae of larger forms are , ' 
often present. 

1 Phytoplankton are plant-like. These 
are the dominant produqers of the 
waters, fresh and salt, • "the grass 

' % of the seas". 

' • 

2 Zooplanktoh are animal-like. 
Includes many different animal types, 
gauge incize frbm minute protozoa 
to*gigantic marine jelljrfishes. 

'* * 
B' Periphyton (or Aufwuchs) - The communities 
pf microscopic organisms associated with . 
subnjerged Surfaces of any type v or depth. 



VI PRODUCTIVITY 



, A stye biologipal resultant of all- physical . . 
and chemical factors in the quantity of 
life that may actueiliy.be pre'sent. The 

% ability to produce this "biomass" is^ 
often referred*tq as the "productivity" • 
of a body of water. Thio ls neither good 
nor bad per se. ,A water of low pro- 
ductivity i£ a ''poor 11 water biologically, 
and aiso a relatively "pure"~or "clean" 
water; hence desitable^as a water supply 
or a bathing beach. A* productive watef V|. 

• on the^other ijand may be a nuisance to 
man or highly desirable* t It is ft nuisance 

" if foul odors and/ or weed-chocked' 
waterways result, it is desirable if 
bumper crops of bass,, catfish, or 
oysters are produced. Open oceans have t 
a low level ctf productivity^ general. - 
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VII PERSISTANT CHEMICALS IN THE 
„ ENVIRONMENT. ' ■ 

•# *■ — P * 

3 > 

Increasingly complex manufacturing processes, 
coupled with rising industrializationycrfete 
health hazards foi> humans and aquatic life* * 

1 Compounds besides being toxic (acutely or m % 
chronic) may-produce mutagenic ejects 
including Cwcer, tumors, and teratogenicity 
^embryo defects). Fortunately there are tests, 

Nuch as toe Amis test, to screen chemical 
compoimds for these effects. 



A 



Metals. - current levels of cadmium,' lead 
and other substances constitute a mount-" . 
ing concern. Mercury poa&^ion, as at 
Minimata, Japan haa been^uUy-doaumentedt. 



B Pesticides, 

1 '"A pesticide and its metabolites may 

move througlT > arr^psystem in many 
• ways.^ T Hard w (pfesticVdes which are 
persistent, havmg a long half-life in 
'the environment\ofiWdes the organo- 
chlorines, ex. , DDT) pesticides 
ingested or otherwise Jborne by th$ * 
target species will stay in th^ , 
environment, possibly to be recycled 
or-concentrated'fiirther through the 
natural action of food chains if the 
species is eaten. Moat-of-the-volurtte 
of pesticides do not reach the ii* target 
. at all. •> 

2 Biological magnification 




Initially r~low levels of persistent 
pesticides in air,' soil, and water may 
be concentrated at every step up the 
food chain. Minute aqua^c organisms 

* and scavengers, which screen water and 
bottom mud haying pesticide levels of a 
few parts per billion, 'can accumulate 
levels measured in parts per million— a 
thousandfold increase. The sediments 
including'fecal deposits are continuously 

.recycled by the bottom animals. 



Oysters, for instance, will con- 
centrate DDT 70, 000 Umes Mgher 
in their tissues than it f s concentration ' 
in surrounding water. They can 
also partially cleanse thgmselves 
in water frSe of DDT. 
• 

Fish feeding on lower organisms 
build up concentrations in their 
visceral fat which may reach several 
thousand parts per million and levels 
in their edible flesh Of hundreds of' 
parts per milliop. ' t 

# 

Larger animals, such as fish-eating 
gulls and other birds, can further ' 
concentrate the chemicals. A survey 
on, organochlorine residues in aquatic 

- b ird s JLn JheJ£sn&di an prairie provinces 
showed that California and ring-billed 7 
gulls were among the most contaminated. 
Since gulls breed in colonies, breeding 
population changes can be detected and 
related to levels of chemical con- • 

^tamination. Ecological research on 
colonial birds to monitor the effeqts „ 
of chemical pollution on .the environ- 
ment is useful. 



"Polychlorinated biphenyls" (PCB's). 
PCB's were used in |lasticizers, asphalt, 
ink,, paper, and a host of other products. 
Action was taken: to .curtail their release 
to the environment, "since their effects 
are similar to hard pesticides. However 
this doesn't solve fee problems of con- 
taminated sediments and ecosystems and 
^ \ final fate of the FCS's still circulating* 



D \There are numerous other compounds 
which are toxic and accumulated in .the 
ecosystem. t 
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Part 3. The Freshwat£* Environment - 



I\INTROJ3UCTIO]% % B ' ; 

'The freshwater, en$roninent as considered , 
herefcvrefer&tb those inland waters not : 
detectablyLdiluted by oeean.watere, although 
the lower portions of riyers are subject to « 
certain tidal flow: effects . 

Certain atypical inland waters such as saline * 
or alkaline lakes; springs* etc;, are not 
treated, as the main dbjeetive here is typical 
inland watW. "* « 

• 

All waters have certain basic biological cycles 
-and-types of interactions most ol which have 
already been presented, hence this outline 
will concentrate on aspects essentially *< 
peculiar tP fresh inland waters. 1 * 



H PRESENT WATER QUALITY AS A 
FUNCTION OF THE EVOLUTION OF 
• FRESH WATERS 



^A'TJte. history of a bocfy of water determines 
( its present* condition. .Natural waters have 
evolved in the°cbui:se v of geologic time 
into what we know today . ■ ' ■ * , 



p Streams • • J. 

• In the course of their evolution, streams 
in general pass through four stages of 

/development which may be called: .fcirth, . 

'youth, maturity, and old age.' £ - * * ' . 

* * fc 

„ These. terms/ or cqn^itions.may bp „ _ : \ t , 
employed or considered in two contexts: 

; temporal, or spatial. In terms of geologic 
* time , a' given point in a stream may pass 
through each of the stages describee! below 
or? at any giveniitne, ;ffitese various stages. . 
of development can fre loo&ely identified \ 
•hrsucoessiy^.reaghefB of a stream traveling, * 
from its headwaters to base level in ocean 
or major lake. . v . V * 

4 *• » * * * 

"(1 Establishment or birtV This \ . 
might be a "dry run" 6t headwater 
streax-n-bed, before it had gfcoded* 

f - ^pwn T io the level 4 6f r ground water. * 



) 



ig periods of run- off after a- 
rain or snow** melt, such a gulley 
woulft h^ve a flow of water which - ^ 
migh^range from torrential to a % 
mere trickle. Erosion may proceed 
rapidly as there is no permanent , 
aquatic flora or fauna to stabilize 
streambed materials. On the other < 
hafod, terrestrial grass or forests 
growth may retard erosion. When^> 
the' run-off has passed, however, 
tjhe "streambed! 1 is dry.» 

Mouthful streams.-* . Wh0h ihe — " 
streambed is- eroded belpw the" ~ 
ground water-level, spring or 
seepage water enters, and the 
' stream becomes permanent^ An 
' aqusLtic flora and fauna develops 
and water flows the year round. 
•'Youthful streams typically have a 
'* relatively steep gradient, rocky beds, 
with rapids, faUs, k and "Small pools. 

Mature streams. Mature streams 

* « f * • 

have wide valleygj^-developed" 

ar^ deeper, more 
turbid, and usually have* warmer 
water, sand;' mud,, silt, or clay 
bottom materials which shift with 
increase in flow. In their more r * 
favorable reaches, streams in this 
condition are at a pjeak of biological 
productivity. Gradients are moderate, 
riffles Or rapids are often separated 
by long pools. . • - * 

In old age, streams have approached 
geologic base level, usually the * 
ocean. During Hood stage they scour 
their l)eds and deposit materials on 
the flood plain which may be. #ery 
bf oad jwid s fl§|^ % Dbiring norm^flow 
the chan nel is "refilled and many * 
shifting bars are developed* taeaftderg 
and ox-bow lakes are often formed. 




V 
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(Under the influence of man this 
"pattern may Be broken up, or 
temporarily interrupted. Thus an 
essentially "youthful" stream might 
take on some of the. characteristics 
of a~" mature" stream following soil 
erosion, organic enrichment, and 
increased surface runoff. Correction 
of these conditions might likewi^fe be 
followed -by at least a partial-reversion 
to the [•original" condition). 



C Lakes and Reservoirs 

Geological factors which significantly . 
affect the nature of either a stream 6r 
lake include the following: 

a 1 ^The'feographical location of the* 
drainage basiji or watershed, 

2 The size and sfcape of the drainage 
basin. • , 

3 • The general topography, i. e, , 

mountainous or plains, f 

\ The character of the bedrocks and. 
soils. 

* 

5 The character, amount, annual 

distribution, and rate of precipitation. 

, 6 The natural vegetative cover of the 
land, is, of course, responsive to and 
responsible for many of thei above 
' factors and is also severe!^ subject 
to the whims of civilization, ^is 
is one of the major factors determining 
' rtm-off verbus soil absorption, etc. 

D Lakes have a developmental'history which 
' somewhat' parallels that of streams, This, 
process is often referred to as natural 
eutrophication. 

<f The methods of formation vary greatly, 
but all influence the # character and 
1 subsequent history of the lake. * 

* 0 ' ; , ' ' ' 

\ In- glaciated areas, for example, ^a : f 

huge &lock of . ice may have been covered 
, .with till. The glacier retreated, .the 
ice melted, and the resulting hole 
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became a lake. Or, the glacier may 
actually scoop out a hole. Landslides 
may dam valleys, extinct volcanoes niay 
collapse, etc., etc. 

Maturing or natural eutrophication of 
lakes. 

a If not already present shoal areas 
are developed through erosion 
and Reposition of the shore material 
by wave action and undertow, 

b Currents, produce bars across bays 
and thus cut off irregular areas. 

c Silt brought in by tributary streams 
settles out in ttte quiet lake water 

d Alg&e grow attached to surfaces, 
and floating free as plankton. Dead 

' organic matter begins to accumulate 
on the bottom, • 

e Rooted^ aquatic plants grow on 
shoals'and bars;, and in doing so 
cut off bays and contribute to the 
filling pf the lake*, 

f Dissolved 6arb©n£tes and other 
materials are precipitated in thev 
deeper portions of the lake in part 
through the action of plants. 

g ' When filling is well advance^, * 
mats of-sphagnum moss ihajf extend 

* outWard from the shore. These 
mats are followed by hedges and 
grasses which finally convert the 

. lake into ao^arsh,* 

I 'Extinction of Jakes. After lakes reach 

maturity, their progi^ss toward^ 
' filling up is accelerated. *Theyi)ecome 
extinct through: 

a The dc^vncutting of the outlet. 

b Filling with detritus eroded from 
the shores or brought in by 
tributary streams . 

c Filling fay the accumulation of the 
remains of vegetable materials 
growing in the lake itself. 
(Often two or three processes may 
a.fct concurrently) « 

* ' 4 
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The Aquatic Environment 



III PRODUCTIVITY IN FBtESH WATERS. 

A Fresh waters in general and under 
natural conditions by definition have a 
lesser supply of dissolved substances - 
than marine waters, and thus a lesser 
basic potential for the growth of aquatic 
organisms. By the same token, they 
may be said' to be more sensitive to the* 
' addition of extraneous materials 

* (pollutants, nutrients, etc.) The 
following notes are directed toward 
natural geological and other environ- *" 
mental factors as they affect the x 
productivity of fresh waters* 

£ Factors Aff ecting Stream Productivity 
(See Table 1) 

TABLE 1 

EFFECT OF SUBSTRATE ON STREAM 
PRODUCTIVITY* 

(The 'productivity of sand bottoms is 
' ' taken as l) 



' Bottom Material 


Relative 
Productivity 


, , ' ■> <. 

Sand_ . 


1 




6" 


Fine Gravel , 


9 


Gravel and silt 


14* 


Coarse gravel 


32 


Moss on fine gravel 


- 89 f 


Fissidens (moss) on coarse 


111 . 


• gravel 


f • 


Ranunculus (waiter buttercup) 
Watercress • '** 


194 


,301 


Elodea (waterwecM) 1 


* 452, ~ 



^Selected from Tarzwell lp37 

► « 
To be productive of aquatic life,; a 
stream must provide adequate nutrients, 
light, a Suitable temperature, -and time 
foz^growth to take place; 

' .- ' . 

1 Youthful streams, especially on rock 
or sand substrates are low i n ess ential 
, i nutrients; Temperatures in rnoun- - 
tainous reg^pns.are -usually low/ and 
due^fp the steep, gr acUenty, time for 
' ; ' • . growth iashqft K 

f li^t'i§ ^vdS^ler,; growth, <&frue** 

^^?>t X&r* r^/t<^¥f^ : ^ V 



2 As the stream flows toward a more 
. "mature" condition, nutrfents tend to t 
accumulate, and gradient diminishes 
and so f time of flow increases, tem- 
perature tends to 'increase, and 
plankton flourish. 

Should* a heavy load of inert silt 
develop on the otherohand, the 
m \ turbidity would reduce the light 
penetration.and consequently the 
general plankton production would 
diminish. 

\ . 3 As the stream approaches base level 
(old age ) a and the time available for 
plankton growth increases, the 
' balance between turbidity, nutrient 
levels, and temperature and other 
seasonal conditions, determines the 
overall productivity. 

C Factors Affecting the Productivity of 
lakes (See Table 3) 

1 The size, shape, and depth of the"* 
la"ke basin. Shallow water is more 
productive than deeper water* since 
more light will reach the*bottbm to 
* stimulate rooted.plant 'growth. As 

* a corollary, lakes with more shore- 
line, having more shallow wateiv 
. are in general more, productive. \ m 
Broad shallow lakes and reservoirs 
have jthe- greatest production potential 
(and hence should'be avoided fpr 
water supplies). * 

TABLE 2 

' EFFECT OF SUBSTRATE 

ON LAKE PRODUCTIVITY * . 

(Thet productivity of sand bottoms is taken as f) 



Bottom Material,. 


Relative Productivity 


Sand 


. . 1 ' • 


Pebhles • 


4 


Clay 


8 


Flat rubble 


9 


' Block rubble 


11 


. Shelving rock 


'77 



* Sheeted from Tarzwell' 1937 
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Hard waters are generally more 
productive than soft waters as there 
are more plant nutrient minerals 
available. This is often greatly in- 
fluenced by the character of -the soil 
and rocks in the* watershed and the. 
quality and quantity of ground water 
entering tlie lake. In general, pH 
ranges of 6, 8 to 8. 2 appear to be 
most productive. 

Turbidity reduces productivity as 
light penetration is reduced,* 



4 " The presence or absence of thermal 

stratification with its semi-annual 
turnovers affects productivity by ' 
distributing nutrients, throughout the 
' water mass, 

5 Climate, temperature, prevalence of 
ice and snow, are also of course 
important, 

D Factors Affecting the Productivity of .'■ 
Reservoirs 

* 

1 The productivity of reservoirs jls 
governed by much the same principles 
as that of lakes, with the difference 
that the water level is much more 
under the control of man. Fluctuations 
in water level can be used to de- 
liberately increase or decrease 
productivity. This can be demonstrates 
by a comparison of the TVA reservoirs 
whiph practice a summer drawdown 

4v '. with some of those in the west where 
v : •'; a winter drawdown is the rule. 

• . . . - - ' 

2 The level at which water ip removed 
from a reservoir is important to the 
productivity pf the stream below. 
The hypolimnioli may be anaerobic 

. while the epilimnion is aerobic^ for 
- example, or the epilimnion is poor in 
^nutrients while the hypollhinionis 
-relatively richt^ 

m c 

3 Reservoih discharges also profoundly 
affect the DO, temperature, and 
turbidity in the stream below a dam, " 

— Too jhauch fluctuation in flaw may 
permit sectiQns^iti? e stream to dry, , 
4-, . pr'provide inadequate dilution for ■ 
toxic waste. ' 



IV CULTURAL EUTJftOPHIOATION 

A ,The general processes of natural 
eutrophication, on natural enrichment 
knd productivity h^ve been briefly out- 
lined above* 



B When the activities of man speed iTp 
thqse enrichment processes by intro- 
ducing unnatural quantities of rtutrients 1 
'(sewage, etc, ) the result is often called 
cultural eutrophication . This term is 

- often extended beyond its original usage 
to include the enrichment (pollution) of 
streams, estuaries, and even oceans, as 
well as lakes. 



V CLASSIFICATION OF LAKES AND 
RESERVOIRS 

A The productivity of flakes and impound- 
ments is such a conspicuous feature that 
it is often used as 9. convenient means of 
classification, 

1 Oligotrophic lakes are' the younger, 
less prpductive lakes/ \yhich are deep, 
have clear water, and usually, support 
Salmoiloid fishes in their deeper waters, 

2 Eutrophic lakes are more mature, 
more turbid, sthd richer. They are 
usually shallower:;- They are richer 
in dissolved solids^N,*P, 4nd Ca.are 
abundant. Plankton is-abundant and' 
there is often a rich bottom fauna, v 

.3 Qystrophic lakes, such as bog lakes, 
are low in Ph, water yellow to brown, 
Vdissolved solids, N, P, and Ca sdanty 
. but humic materials abundant, bpttpm 
fauna and plankton poor, and fish 
species are limited, ' 

B Reservoirs may also be- classified as * 
storage, and run of the river. 

' 1 Storage reservoirs have a larger 
* volume in relation to their inflow, * 

Run of the river reservoirs have a 
largg flow-through in relation to their 1 
storage value. 
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According to location, lakes and ? 
reservoirs may be classified as polar, 
tempterate, or tropical. Differences in 
climatic and geographic conditions - 
result -^differences in their biology. = 



VI SUMMARY 

A A body of water such as a lake, 'stream, 
or estuary represents an intricately 
balanced system in a state of dynamic" 
equilibrium. Modification imposed at 
one point in the system automatically 
resldts in compensatory adjustments at 
associated points, » 

B The more thorough our knowledge of the 
entire system, the better we can judge 
where to impose control measures to _ 
achieve a desired result. * 
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Part 4,; The Marine -Environment and its Role in the Total Aquatic Environment 



I INTRODUCTION , 



A The marine environment is arbitrarily 
defined as the water mass 'extending 
beyond the' continental land masses, 
including the plants and animals harbored' 
therein. This water mass is large and 
— deep^ covering about 70 percent of the 
estrth's surface and being as deep as 

7j»ilej^__33ie_salt content averages 

about 35 parts per thousand, life extends 
"to all depths. > * 

B The general nature of the water cycle on 
earth is well known. Because t he large st 
portion-of the surface area of the earth 
is covered with wafter, roughly 70 percent 
of the earth's rainfall is on the seas. 
(Figure 1) 



1TX OeMnle 
Ivtpo ration 




SEA ST ft? ACE 



ri|pir» 1. THI VATER CICtB * 



Since roughly one third of the ft 
rain which falls on the land is again 
recycled through* the atmosphere 
(see Figure 1 again), the total amount 
pf water - washing over the earth's surface 
is significantly greater than one third of 
the total world rainfall; It la thus not 
surprising to note that the rivers which , t 
finally raipty into the, sea carry a- 
disproportionate burden of dissolved and 
suspended solids picked up from the land. 
The chemical composition of this burden 
depends on the composition of the rocks 
and soils through which the. river flows, 
the proximity of an ocean, the direction 
of prfcTOiling winds, ancf other factors. 
This is the substance of geological erosion. 
(Table 1)' 



TABLE 1 

PERCENTAGE COMPOSITION OF THE MAJOR I,ONS ' 
OF TWO STREAMS AND SEA WATER 

(Data from Clark,- F.W lf 1924, "The Composltloirof River 
and Lake Waters of the United States", U. s, Geol. Surv. , 
Prof. Paper No. 135; Harvey, H.W., 1957, "The Chemistry 
and Fertility of Sea Waters", Cambridge University Press, 
Cambridge)- * 



i 

Ion 


Delaware River 
at 

LambertviUe, N.J. 


Rio Grande 
' at * . 
Laredo, Texas - 


Sea Water 


Na 


6.70 


14.78 


30.4 


- K- 


1.46 


.85 


1,-1 


Ca 


17.49 


13.73 


1.16 


Mg- 


4.81 


' 3.03 


3.7 


CI 


' 4.23 


21.65 


55.2 


so 4 


17.49 


30.10 


7.7 


C °3 


32.95 


11.55 


*HC0 3 0.35 



C For. this presentation, the marine 
environment will be (1) described using 
an ecologica} approach, (2) characterized 
ecologically by comparing it with fresh- 
water and estuarine environments, and 
- (3) considered as a functional ecological 
system (ecosystem), . 

E FRESHWATER, ESTUARItfE, AND 
MARINE ENVIRONMENTS . " 

Distinct' differences are found in physical, 
chdmical, and biotic factors in going from 
a freshwater to an oceanic environment. 
In general, environmental factors kth more 
constant in freshwater (rivers) and oceanic 
environments than in.Jthe highly variable t 
and harsh environments of estuarine and 
coastal waters, (Figure 2> 

* v * *. 
A Physical and Chemical Factors* 

Rivers, estuaries, and oceans are 
' compared in Figure 2 with reference to. 
the relative instability (or variation) of 
several important parameters, In 6 the 
oceans, it will be noteS, very little change 
occurs in any parameter. In rivers, while 
'"salinity" (usually' referred to as^tttsgojved 
* solids 11 ) and temperature (accepting normal 
. seasonal variations^ change little, the* other 
four parameters vary considerably. In v 
estuaries, they all change. . 
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Type of environment 
and. general direction 
of water.movement 



Salinity 



Degree of instability 



Temperature- 



„ Water 
elevation 



Vertical 
, strati-, 
fication 



Avail- 
ability 
of 

nutrieats 
{ degree) 



Turbidity 



Riverine 




Oceanic , 

Li 



Figure2 . RELATIVE VALUES OP VARIOUS PHYSICAL AND' CHEMICAL FACTORS 
FOR 1 RIVER, ESTUARINE, AND OCEANIC ENVIRONMENTS 



B Biotic Factors - \ 

1 A coipplex ^f physical and chemical 
factors det^mine the biotic composi- 
tion of an environment-, In general, 
the number of species.in a rigorous, 
highly variable envirqnmenttends to be 
less than the number in a more stable 
environment (Hedgqpth, 1966). m 

The dominant animal species (in. 
terms <^total biomass) which oocur 
in estuaries are often transient, 
spending only a part of their lives in * 
the estuaries. This results in better 
utilization of a rich environment. , 



C Zones of the Sea 

. The nearshore environment is often 
classified in relation to tide level and 
water depth. The nearshore and offshore 
oceanic regions together, are often ' 
classified with reference to light penetra- 
tion and water tiepth. (Figure 3) 



Nerltic - Relatively shallow- water - 
zone which extends from the high- 
tide mark to, the edge of the " . 
continental shelf. 
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Figure 3 — Classification of marine environments 



a Stability of physical factors is 
intermediate between estuarine 
and oceanic environments. 

b* Phytoplankters are the dominant' 
producers but in some locations 
attached algae are also important 
as producers. 

c The animal-c^msumers are 

zooplankton, nekton, and benthic 
forms. .r 

2 Oceanic % The regiqn of the pcean~ 
beyond -the continental shelf ✓ JDivided 
into three parts, all relatively 4 " 

pooriy*i>opulated compared to the 
„ neritic 2one«^; ^ . , , 

' a Euphotic zone - Waters^igjb which 

sunlight penetrates (oftenib the v 
-bottom to, the nerftic zone). The 
zone- of primary prdciucfr 
extends, £6 8 00 feet below the surface . 
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• lK^hysical factors fluctuate 

less than in the neri&c zone. 

2) Producers are the phyto- 
plankton and consumers are 
the zooplankton and nekton: 

bV Bathyal zone - From the bottom 
of the euphotic zone to about 

• 20^0 meters.. 

1) Physical factors relatively 
constant but light is absent. . 

• 2) Producers are absent and 

conaumers~are scarce*. . 

c Abyssal zone - AU thg sea below \ ^ f| 
* 4 the bathyal - zone. r x " * " 



*s mc 



1) Physical factors more con- 
stant than in bathyal-zone. 

.* % \ * 

2) Producers absent and consumers 
- even leBs abundant than in- the 

bathyal zone. 
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§EA WATER AND THE-BODY FLUIDS 

Sea water is a remarkably suitable 
environment for living cells, *as*it 
contains all of the chemical elements 
essential to the growth and ^maintenance 
of plants- and animals . The!*atio find 
often the concentration of the major 
sai^s of sea water are strikingly similar 
in the cytoplasm and body fluids of 
marine organisms. This similarity is 
-also evident, although modified somewhat 
in the body fluids of fresh water and 
terrestrial animals. For example, 
sterile sea water may be used in , 
emergencies as a substitute' for blood 
plasma in man. 

Since marine brganisms have an .internal 
salt content similar to, that Qf their 
surrounding medium (isotonic condition) 
osmoregulation poses no problem,, On th«j 
otjier hand, fresh water organisms are 
hypertonic (osmotic pressure of bocfy 
fluids is higher than that of the surround- 
ing wsrfer). Hence, fresh water animals 
must constantly expend more energy to 
keep water out (i.e., high osmotic 
pressure fluids contain more salts, the 
action being then to dilute this concen- 
tration with more water). 

1 Generally, marine invertebrates are 
narrowly poikilosmotic , i.e., the salt 
concentration of the body fluids changes- 

- with that- of the external-medium,- This 
. has special significance in- estuarine 
situations where salt .concentrations 
of the water often vary considerably „ 
- in short periods qt^fne. ; 

2 Marine .bony fish (teleosts) have lqwer , 
salt content internally tkan the external 
'.environment (hypotonic), la order to 
prevent dehydration, water is ingested 

*" and saltsTfre excreted through, special . 
cells in the gills* 
• * ,. 



IV*,FACTORS AFFECTING THE DISTRI- * * 
BUTION OF MARINE AND ESTUARINI3 
ORGANISMS 

A Salinity. Salinity is the single most 
constant and controlling factor in the 
marine ehadxfcnment, probably followed 
by temperature. It ranges around 
35, 000 mg. .per liter, or "35 parts per. 
• thousand" (symbol:#35% 0 ) in the language - 

t of the oceanographer. While variations 
in the open ocean are relatively, small, 
salinity decreases rapidly a^trap 
approaches shore and proceeds through 
the estuary and up into fresh water with 
a salinity of 11 0 % 0 (see Figure 2) 

B Salinity and temperature as limiting 
factors in ecological distribution. 

x 1 Organisms differ in the salinities 
and temperatures in which they 
prefer to live, and in the . variabilities 
of these'parameters whigh they can 
tolerate. . These preferences and 
tolerances often change with successive 
life history stages, * and in turn often 
dictate where fhe organisms live: 
their "distribution. ,r 

2 These requirements or preferences 
often lead to fextenfeive migrations 
of various efpecies for -breeding, 
feeding, and growing stages. One 
- j —*v+ ry Important res ul t o f ia that 



an estuspine environment is an 
absolute necessity for over half of 
all coastal coiftmercial and sport . 
related species of fishes and invertebrates, 
fbr either all or certain portions .of their 
life histories, (Part V^- figure '8) 

3~ The Greek word roots "eurty" - * 
.(meaning wide) and "stend" (meaning 
narrow), artf cuitomarily combined 
• with such words as "haline" forfait* 
and "thermal 11 for temperature,* tp 
give us "euryhalirie" as* an adjective 
to characterized organism able to 
tolerate a wide range of salinity, for 
* example; or "stenothermal" meaning , 
one which cannot stand much qhange 
\in temperature. *"Meso-" is a prefix 
indicating an intermediate capacity. . 
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C Marihe, estuarine/ and fresh water 
organisrns, (See Figure 4-) . 
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Figure 4. Salinity Tolerance ef Organisms 



1 Offshore marine organisms are, in* m 
general, both stenohaline and 
stenothermal unless,, as noted above," 
they have certain life history requlEe- 
ments for estuarine<,coaditions. 

2 Fresh water organisms are also , 
k stenohaline* ££nd (ekcept for seasonal V 

■ adaptation) niesp- or stenothermal.* 
(Figure 2) 1 

3 Indigenous or native estuai^ieo^ecies 
that normally,, spend their entirS Sves , 
in the estuary are relatively few in 
number. (See 5j|fUre 5): They are. 



,4 Some well known and interesting ~ . - 
examples of friigratory species which * 
change their environmental preferences v — 
\ with the life history stage include, the 
\ 1 shrimp (nientionecfeboye),* striped Bass* V ( 
' many herrings and Relatives, the salmons, 
and manyothers . s None are more 1 
dramatic tKan\he salmon horde? ..which 
\ lay their eggs in freshwater streams, ; 
^migrate far out to sea^to feed and grow, 
tfren return to the stream where they 
hatched t£ lay their own eggs 'before. / 

dying. . f * 
\ * • 
5 Among euryhaline animals landlocked 
(trapped), populations living in lowered— V 
saliniues 4 often havfe a smaller maximum; 
size than individual^ 9f ttie samB species 
living in more salfnje waters, > fror 
example^ the lamprey (Patromyzon 
marinus ) attains a length of '30 -:36 n 
( in the sea,, while in the Great Lakes . * 
the lengtti\is 18 - 24". • ' 

Usually the larvae of aquatic organisms 
are more sensitive to changes in 5 
salinity than are the adults. This 
characteristic both limits and dictates V 
•the distribukoft and size of populations. 



The effects of jides orr organisms. « • 

1 Tidal fluctuations probably subjecj * 
6 the ijenthic ^gr f intert i$al populations 
to the most/extreme and rapid variations 
of environmental stress encountered 



generally meso- or euryhaline and - 
nieso- or eurythermal. 



- in any aquatic-habi 



> 03 
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15 20 25 30 3'5 • 
Salinity 



Figure 5. DISTRIBUTION OF 

\ f ORGAMS^S^; AN ESTUARY . 

'a •Euryhaline, -freslyvater.- 

b Indigenous, estuarine, (mesofraline) 

c * Etu^rhaiinei marine ^ ' 



fcommunities have developed in^his 
zone, some adapted to the rocky surf 
r . zones of tke often <Soast,° others to the 1 
muddy inlets' of protected estuaries. 
Tidal reached of fresh Water rivers, 
sandy beaches, coral reels and * % 
mangrp^e swamps in the tropics; all 
"have their own floras, and faunas. AIL 
must* emerge-and flourish when ^whatever * 
wa'tei/there fyi rises and covers or ^ * 
tears at them,, all* must collapse or 
retract to-endure'drying,, blazing m t \ 
Jropical surfr or freezing arctic ice ^ /;£ 
, ~ dfiring the* low tidS interval. /Such a »r: 
*\ OTmmUnilyvis depicted in Figure JB, 
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SNAILS • 

Littorina neritoides 
Lr rudis^ c 
U obtusiua 
L. littorea 

V,AiiNACI..E3 

Chthamalus stellatus 
Balanus balanoides 
R. perforatus 



\ 




Figure (> 

Zonation-of plants, ^ snails, and barnacles on a rocRy shore*— Whiler — 
this diagram is basted on the situation on the southwest fl coast of 
England, the general idea of zonation may be applied to any temper- 
jalc rocky ^ocean shor©, though the species will differ. The gray, 
zone consists largely of lichens. At the lefkis the zonation of rocks 
with exposure too extreme to ^ippn rt alg ae; at the right; on a less 



exposed situation, the animals are mostly obscured by the algae. 
Figures at the • right "har^d margin refer to the percent of time that 
the zone is exposed to the air^ i.e., 'the time that the tide is out. 
'Three ma'joivzones caTTbe Recognized: the Littorina zone (above the 
gray zone); the Balanoid zone (between the gray zone and the 
laminarias); and the^Laminaria zone. a. Pelvetia canaliculata; 
•b. Fucus spiralis; c. Ascophyllum nodosum* d. Fucus serratus; ^ 
e. Lamina ria digitate,. (Based on Stephenson) " 



36 "•" 



28 



r 



The Aquatic Environment * 



I 

1 
I 

i 

I 

i 
i 
i 

■ 



V FACTORS AFFECTING THE 

PRODUCTIVITY OF THE MARINE 
'ENVIRONMENT . 

A The sea is in continuous circulation, Wi$h- * 
out circulation, nutrients of the oce^n would 
eventually become a part of the bottom tod 
biological production would ceasp, Generally, 
.in all oceans there exists a warm surfabe * 
1 ,layer which .overlies the colder water find 
farms a two- layer sy stern bf persistent 
stability. Nufrient concentration is usually 
greatest in the lower zone* Wherever a 
mixing or disturbance of these twp layers ' 

. occurs biological production is greatest. , 

B The estuaries* are also a raffing zone of 
enopmous importance. Here the fertility > 
washed off the land is mingled With the 
nutrient capacity of seawater, and many ». 

c*i 6f the'would'S mo'st -productive waters % * 
result. 4 %% • " 

-C When man adds his cultural contributions 
of sewage, fertilizer, -silt or toxic wasje, 
it is no" wonder that the dynamic equilibrium 
of the ages is rudely upset, and the 
environmentalist cries, n See what man 
hath wrought"! r 
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Part 5: Wetlands 



I INTRODUCTION 

- S • 

A Broadly defined, wetlands are. areas 
Which are "to wet to plough but too 
thick to flow. " r The soil tends to be 
saturated withwater, salt or fresh, 
and numerous channels or ponds of 
shallow or^op^n water are common. 
Due to ecological features too numerous,"* 

* and variable to list frere/ they comprise 
in general a rigorous (highly stressed) 
' habitat, occupied by a small relatively 
speciallzecMndigenous (native) flora 

and fauna. ^ 

» a 

B They are prodigiously productive 
howeveV, and many Constitute an, 
absolutely essential habitat for some 
' portion of the life history of animal , 
* forjns generally recognized as residents 
of other habitats (I^|ure 8).* This is _ 
particularly true of tidal marshes as* fc 
mentioned below. , 



Wetlands in toto comprise a remarkably 
large proportion of the earth's surface, ^ 
an(j the total opganic carbon bound in 
their mass-constitutes a^ enormous 
Sink of energy. 



B"Estuarine pollution studies are usually , 
devoted to the dynaniic#rf the circulating 
water, its chemical, physical,- and 
biological parameters, bottom deposits, etc. 

C It is easy to overlook the intimate relation- 
- ships which exist between the bordering 
. marshland, the moving waters, the tidal 
flats, subtidal deposition, and seston 
-whether of local, oceanic, or riverine . 
origin. 

The tidal marsh (some inland areas also 
have salt marshes) is generally considered 
to be the marginal areas of estuaries and 
coasts in the intertidal zone, which are 4> 
dominated by emergent vegetation. They 
* .^generally -extend inland to the farthest 
point reached by the sprang tides, where 
they merge into freshwater swamps and 
.marshes (Figure lh They may rdnge in 
width from nonexistent on rocky coasts to 
many kilometers. - 



Sftice our main concern here is with 
the "aquatic ", environment, primary ^ • 
emphasis w£& be directed toward a ~ ; 
description of wetlands as tl^transttionaX, 
zorip between tl\e waters and jhe land, and 
how their desecration by human oulture^ 
spreads 'degradation in both directions. 



H TtPAL.MARSHES AND THE ESTUARY 

* . * * ~~*~ * » 

A "There is no-other case in nature, save 
in the coral, refef spvhere the adjustment 
of organic relatibHsItb. physical conation 
is seen in such a^eautifcl; way as the ■ 
f balance beWeenrthe growing marshes . 
and'the tidal' streams by which they are 
* at once Nourished and worn away. " 
*(Shiler, 1886) ' * V 



Mud rut 




Subttratt 



moM«U (modtoJu*) 
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in MARSH ORIGINS AND STRUCTURES 

A In general, marsh substrate^ are 4 high in 
organic content, relatively low in. minerals 
and trace elements* . The ujfper layers 
bound together with living roots called 
turf, underlaid by more compacted peat 

• tyjie material. 

* 

1 Rising or eroding cpastlines may 
expose peat itom ancient marsh 
growth to wave action wtiich.cuts 

> into the soft jieat rapidly (Figure 3). 



Terrestrial turf 




Salt m*r»h p«*t 



Sub»tratc 



Such banks ark likely to be cliff- like, 
aiid-are often undercut* Chunks of 
peat are~pften found lying about on * * 
harder substrate below high tide line. 
, If face ofcliff is well above high water, 
overlying^vegetation is likely to be 
typically -terrestrial of the area. 
Marsh type vegetation is probably * 
absent. 

2 Low lying deltaic, or sinking coast- 
lines, oirfffose with low energy wave 
action are likely t0 \Jgye active marsh 
formation in progress?. Sand dunes - 
are also, cbmipon in such areas 
(Figure 3)v Genial coastal 
configuration is a factor. 



< . 



Flfure 3. Diagrammatic section of trodinf pc*t cliff 




Figure 3 



Development of a Massachusetts Marsh since 1300 BC, involving an 
18 foot rise in Wter level. Shaded area indicates $and dunes* Note 
meandering rnafesh'tidal drainage.; .A:M300 BC, Bi 1950 AD* 



\ 



a. Rugged or precipitous coasts or 
- slowly rising coasts, typical^ _ , 

exhibit narrQw shelves, sea cltffs, 
. fjords, massive beaches, and ^ 
relatively- less marsh area (Figure 4). 
An Alaskan fjord subject to recent , 
catastrophic subsidence and rapid 
^deposition-of glacial flour shows 
\ evidence of the recent encroachment 
k of saline waters in^the presence 'of 
recently buried trees and other 
terrestrial vegetation, exposure 
of layers of salt marsh peat along . 
the etiges of channels, and a poorly 
copipactetf young marsh turf developing 
at the new high water level (Figure 5). 



NEWPORT 




Figure 4 A $lver Mouth' on a Slowly Rising Coast. Note absence 
of deltaic development and relatively ll&e marshland, 
although mud flats stippled are extensive. 




Figure 5 Some general relationships in a northern fjord with a rifling water level. 1. mean low 
. * water, 2; Wximum mgh fide, 3. Bedrock, 4. Glacial flour to depths in excels of 
400 meters, 5, ^Shifting flats and channels, 8. Channel againat bedrock, 7. Burled 



terrestrial vegetation^' 8', ' Outer oppings of salt marsh peat. 



b ix>w lyfeg ^coastal plains- tend to x>e 
fringed by barrier islands, _broad 

• estuaries and deltas, and broad 
associated marshlands (Figure 3). 



i 



Deep tidal .channels fan out through 
^ innumerable branching and often 
interconnecting rivulets/ The 
intervening grassy plains aire 

pntially at mean high tide level. 
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Tropical and subtropical regions 
such, as. Florida, the Gulf Coast, * - 
and Central America, are frequented 
by mangrove swamps . This unique • 
i^type of growth is able to establish 
itself in shallow water and move out 
into progressively deeper areas 
(Figure 6). The strong deeply 
embedded roots enable Jhe mangrove 
. to resist considerable wave action 
at times, and the tangle of roots - 
quickly accumulate^ a deep layer of 
orjganic sediment.* tylahgrOYes 
in the south may be considered to 
be roughly the equivalent of the 
Spartina marsh grass in the north 
as a land builder. Whenfully 
developed, a mangrove swamp is an 
impenetrable-thicket of roots over 
the tidal flat affording shelter to an 
assortment of semi- aquatic organisms 
such as various molluscs and 
^crustaceans, and providing access . 
from the nearby land to predaceousj , 
birds, reptiles, and mammals. 
Mangroves are not restricted to 
- estuaries, 'but may develop out into 
shallow oceanic lagoons, or upstream 
intp relatively fresh waters. 



tidal marsh is' the marsh grass, but. very 
little of it is used by man as grass. 
(Table!) 

The nutritional analysis of several 
marsh grasses as compared to dry land 
hay is shown in Table 2. 



* TABLE 1. Gtxurtl Orders of Magnitude of Grow Primary, Productivity In Twrm» 
of Dry Wctfbt'of 'Organic Matter Flxtd Annually 



Eooiyiiam 



(ms/M^/ytar 
(irami/iomrt metara/yar) 



Iba/aera/yaar 



land deaertit d««p oceans ' Tans 

Grasslands, forests, cutrophio Hundreds 
lsJces, ordlnary^agrlculture 

Estoarles, deltas, coral reefs. Thousands 
t intensive agriculture (sugar ' 

cane, rice) r % $< 



Hundreds 
Thousands 

Ten* thousands 



TABLE 2. Analyses of Some Tidal Marsh Grasses 



ttOMCM. 



CQfaOCtfVUS .MOIMl r 

TMHynON ASS00O iUd+HSH ASSOOCS 



moo**** 

comsociu 




Figure 6 



Diagrammatic transect of aonangrove swamp 
showing transition from marine to terrestrial 
habitat. 



T/A 
Dry Wt; 



Protein* 



Percentage Composition 
fit Fiber Water 



Ash 



N-free Extract 



Dhiichbs spfoti (pure stand, dry) 

2.6 5*3 1.7 32.4 8.2 6J 

Short Sptrtin* a/temtf/ora^od Uticornii curopm (in standing water) 



1.2 7.7 ^ 15 31.1 • 8.8 

Sparttni iltemiflon (tall^pure stand rn standing water) 

3.5. 7.6 2.0 29.0 ' 8.3 

Sptrtln* pafem 'pur** st*n»l, dry) 

3.2 f*0 2.2 30.0 6.1 

Spxrtini ittatniflw* and Sfurtlna patent (mixed staod# wet) 



3.4 &8 1.9 

Sfurtln* altcmiflors (thort, w**!) 
2.2 8.8 2.4 

Comparable Analyses for Hay 

1st rur fi.0 2.0 

2»hJ <ut 110 3.7 



29.6 



30.4 



36.2 
203 



8.1 



87 



6.7 y 
.10.4 



12.0 



15.5 



*0 



'la4 



13J 



4.2 
5.9 



4S.S 
37.7 
37.3 
44.5 
42.6 
36.3 



44.9 
383 



Analyses performed by Roland W. Gilbert, Department 
r of Agricultural Chemistry, U. R. I. 



IV PRODUCTIVITY OF WETLANDS 



Measuring'the productivity of grasslands 
is not easy* because today grass is seldom 

. % used directly as'sudti by man. It is thus 
usually expressed as production of meat, 
milk, or in c the caseftrf salt;marshes, tlje 
tptal crop of animals that obtafrrfood per 

. unit of area. The primary producer in a 



- 
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B The actual-utilization of marsh grass is 
accomplished primarily by its^decom- 
position and ingestion by micro organisms. 
f (Figure 7) A small quantity of seeds and. * 
solids "is consumed directly by birjds. 





Figure 7 The nutritive composition of 

successive stages of decomposition of 

Spartina marsh grass, showing Increase. 

in protein and decrease in carbohydrate 

with increasing age and decreasing sfze . • 

of detritus particles. : % 

* • 

1 The quantity of micro invertebrates • 
which thrive on this wealth of decaying « 
marsh has not been estimated, nor has 
the actual production of small indigenous 
fishes and invertebrate^* such as the 

v top minnows ( Fundulus ), or the mud ' 
snails (Nassa), and others. - * 

•2 Many form'6 of oceanic life migrate 
into the estuaries, especially thp 
- marsh areas^ for important portions 
*:of Hheir^Uf^histories as is mentioned " 
J els Jwhere (Figure 8). It has been % 
"estimated that in excess of 60% of the^ 
marine commercial and sport fisheries- 
are, estuarine or marsh dependent in ♦ 
^sonie way. * 




Figure 8 Diagram of the life cycle 
of -white shrimp (after Anderson and 
Lunz 1965). ' 



An effort to make an indirect, 
estimate of productivity in a Rhode „ 
Island marsh was made on a single * 
August day by recording the numbers 
and kinds of birds that fed^n a ' 
relatively small area (Figure 9). 
Between-700 and 1000 wild birds of 
12 species, ranging from 100 least 
~ sandpipers to uncountable numbers „ 
of seagulls were counted. One food 
-requirement estimate for three- 
pound poultry in the confined inactivity 
of a poultry yardi^-approximateiy one 
ounce per pound of bird per day. 




I 
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•Great blue heron 

Figure Q\ Some Common Marsh* Birds 

* * • f < 
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On^ftuidted black bellied plovers 
at approximately ten ounces eafch 
would* weigh dhvthe order of sixty 
pounds. At the same rate of food 
consumption/ this would indicate 
nearly four pounds of food required 
1 for this species alone/ The much 
4 greater activity of the wild biyds 
would obviously greatly increase their 
food requirements^ as would their 
relatively smaller size. 
*- 

Considering the range of foods con- 
- jumed, the si&es of the birds, and the 
fact that at certain season thousands 
of migrating ducks 'and others pause 
tcffeed here, the enormous productivity 
^pf such a marsh cant>e better under- 
stood. 



V INLAND BOGS AND MARSHES 

€ • * 

A Much of what has been said of tidal 
marshes also applies to inland wetlands, 
'As was mentioned eatlier, not^all inland 
, swamps are salt- free, any more than all ~ * 
marshes affected by tidal rythms are 
saline. 

B The specificity of specialized floras to 

particular types of wetlands is perhaps --\ 
more spectacular in freshwater wetlands 
than in the marine, where Juncus, 
Spartina , and Mangroves tend to dominate, 

• 1 Sphagnflm, or peat xqpss, is 

probably one of the most widespead 
and^abundant wetland plants on earth. 
Deevey (1958) quotes an estimate, that 
there is probably upwards of 223 
- billions (dry weight) of tons of peat v 
. in the world today, derived during 
redent geologic timd from Sphagnum 
tfogs. Particularly in the northern 
regions, peat moss tends to overgrow ^p. 
ponds and shallow depressions; eventually ; 
forming the vast tundra^plains and 
moores of the north. 

2 Long lists of other bog and marsh plants 
might be cited, each with its own 
. .Special requirements, topographical, 



and geographic distribution, etc, 
H ' Included would be the familiar cattails, 
spike rushes, cotton grasses, sedgas, 
trefoils; alders, and many, many 
others. 

* * 
C Types of inland wetlands. 

1 As noted, above* (Cf : , Figure 1) , 
tidal marshes often merge into ; 
freshwater marshes and bayous. % 
Deltaic tidal swamps and marshes 
arefcften saline in the seaward 
porfion, and fresh in the landward 
areas. 



River bottom wetlands differ from 
those formed from lakes, since wide 
flood plains subject to periodic 
inundation are the final stages of * 
^the erosion of rivef* valleys, whereas 
lakes in general tend to be eliminated 
by the geologic processes of natural 
eutrophication often involving 
Sphagnum and peat formation, 
Riverbottom marshes in the southern 
United States, with' favorable climates, 
have luxurient growths such as the 
canebrake qf the lower Mississippi, 
or a characteristic timber grbwth 
such as cypress, 0 



( 



Although bird life is the most 
conspicuous animal element iii the 
fauna (Cf: Figure 9), many mammals, 
such as muskrats, beavers, otters, 
and others are also marsh-oriented, 
(Figure 12) . 




Figure 12 ot«r 
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No single statement can suxnmarize the 
effects otpolltttion on mar^artds as 
distinct from effects noted Elsewhere on 
other habitats. " _J— — ~ 



B Reduction' of Primary Productivity ) 

The primary.producers in most wetlands 
are the grasses and peat mosses. 
Production may be deduced or eliminated 
by: 

1 Changes in the water level brought 
about by flooding or drainage, ! 



a Marshland areas are' sometimes ^ 
diked and flooded to produce fresh-" 
water ponds. This may be. for 
aesthetic reasons, to suppress the t 
* growth of noxious marsh inhabitating 
insects such as .mosquitoes or biting 
midges, to construct an industrial 
waste holding pond, a thermal or a A 
sewage stabilization pond, a * 
"convenient 11 result of highway * 
causeway construction, or other 
reason. The result is the elim- . 
ination.of an are$ of marsh, A 
small ^compensating border- of 

3 . marsh may or may v not develop* ' 

b High tidal marshes were often 

ditched and drained in former days \ 
to stabilize the sod for salt hay or » 
"thatch" harvesting which was highly 
sought after in coloniaLdayfc. This 
inevitably changed the character 
of the marsh, but- it remained ^s s 
essentially marshland. , Xoijyersion'- 
to outright agricultural land. has 
been less wide spread -because of the 
necessity of diking to exclude the 
periodic floods or tidal incursions, " 
and csireiully timed, drainage to * 
eliminate excess precipitation. * 
Mechanical pumping oltidkl marshes 
..has noCbeen econorhical in this 
. country, althpugh.the. success of 
the Dutch and others in this regard . 
- is well known. 1 * 



2 Marsh grasses may also be eliminated 
by smothering as, for example, by* 
deposition of dredge spoils, or the '* 
spill or discharge of sewage sludge. 

3 Considerable marsty ar6a has been 
eliminated by industrial construction 
activity such as wharf and dock con- 
structibn, oil well construction and 
operation, and the discharge of toxic • 
brines aiid other chefnicals. 

Consumer production (anfajnal life) has 
been drastically reduced by the deliberate 
distribution of pesticides. In some cases, 
this has been aimefiat nearby 'agricultural 
lands for economic crop pest control, in 
other cases the marshes have been sprayed 
or dusted directly % to control noxious' 
insects. 

1 The results, ha ve_ been universally 
disastrous for the marshes, and the 
benefits to the human community often 
questionable. • 

» 

2 Pesticides designed to kill nuisance ' » 
- insects, are also toxic to othpr t 

arthropods so th$t in addition to the 

rget species, su6h forage staples as* 
tli>e various scuds (amphipods), fiddler 
abs, and other macroinvertebrates 
ave.either been drastically reduced ^ 
or entirely eliminated ia many, places*. . 
For example* one familiar with fiddler _ 
crabs can traverse miles of marsh* 
margins, still riddled with their burrows, 
without. seeing a single live crab, 

DDT and related compounds have been 
"eaten up the food chain" (biological 
magnification effect) until fish.eating 
>and other predatory bir^s such as herons 
and egrets (Figure 9), have been virtually 
eliminated from vast areas; and the 
accumulation of DDT*in*man himself 
is only too well known. 




J 
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Most serious of the xftarsh enemies is— / • 
man himself. In his quest for "lebensraum" 
vnsar the water, he has all but Jdlled the \ 
waterift^striyes to approach. Thus up to - 
twenty 'per cent of the marsh— estuarine o 
area to various parts of the country has 
already been utterly destroyed by cut and 
fill real estate developments (Figures 
10, 11). 



t 



E Swimmin&birds such as ducks, loons, . 
cormdrants, pelicans, ^and many others 
are severely jeopardized by floating 
pollutants such as oil. 



Pushed' 




Figure 1.0. Diagrammatic representation of cut-and-fill for 
real estate development. mlw a mean low water 




Figure It. Tracing of portion pf map of a southern 
city showing extent of -cut-and-fill real 
estate development. • » 



VH .SUMMARY 

A Wetlands comprise the m&rshfes, swanjp^ 
bogs, and tundra areas of the world. 
They' are .essential to the well-being of 
our surface waters and ground waters. 
They are essential to aquatic life of 
all types, living in the operi waters. < They 
are essential as habitat for all forms of 
wildlife. 

B The tidal marsh is the area of emergent 
vegetation bordering^tlie ocean ot an 
estuary. 

C Marshes are highly productive areas, 
essential to the maintenance of a well . 
rounded community of aquatic life. 

D Wetlands Inay be destroyed by: ' 

1 Degradation of , the life forms of 
wfyich it is composed in the name 6f / 
nuisanfce control. j 

2 Physical destruction by cut-and^fill 
to Create more lanfi a£ea. f 
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Descriptors: Aquatic Environment, Biological 
Estuarine Environment, Lentic Environment, 
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THE LAWS Otf'ECOLOPY 



These so-called Laws of Ecology have 
been collected and reformulated by 
Dr, Pierre Dansereau. 

A They have a broad range of appli- 
cation in aquatic as well as terres- 
trial ecosystems. 

B Only the ones which have strict 

application to fresh water organisms 
wiUT^e discussed. 



The Laws/ Verbatim 

. Y ^ 

£ Physiology of Ectopic Fitness (1*9) . 

1. Law of the inoptirrium. No species 
encounters in any given habitat the 
optimum conditions for all of its 
functions. 

2 Law of aphasy^ "Organic, evolu- 
tion is slower than environmental 
change on tHe average, and hence' 
migration 'occurs/ 1 

3 Law of tolerance. A species is - 
confined, ecologically and-geo- 

r> * graphically, by the ^extremes of 
environmental adversities that it 
can withstand. / 

4 Law of valence* Iq. each part of 
its area, a given species shows . a 
greater or lesser amplitude in 
ranging through variou s habitats 
(oi^communities)} this : is condi- 
tioned by its Requirements and 
<tolerancej3., being satisfied or 
nearly overcome. t 

5 Law of competition- cooperation. 
^Organisms :of :6ne or more species 
*oc*cj^ying the? same^Site^'over a 
-given-period \of time^xise (and t - 

frequently reuse), the, same re- 
' - sources -^myvL^f^^otxa Jif^^g 
processes which iailow a greater 
. portion to the^nost efficient, r 



B^JL/aw of the continuuxn. * The* gamut 
- ~ { ; of~ecological niches, in a regional 

0 unit, permits a gradual shift in the 
qualitative and quantitative compo- 
sition and structure of communities. 

7 Law of cornering: The environ- . _ 
mental gradients upon which species 
and communities are ordained either.- 
Steepen or smoothen at various times 
and places, thereby reducing utterly 
or broadening greatly that part of 

the ecological spectrurii "which offers 
* the best opportunity to organisms of 
adequate valence. 

8 Law of persistence. Many species, 
especially -dominants of a community, 

' c are capable of surviving and main- 
taining their spatial position after 
their habitaf and even the climate 
itself have ceased to favor full 



vitality. 



Law of evolutionary opportunity 
present ecological success of a * < 
species is compounded of its geo- 
graphical and ecological breadth, its 
population structure, tf and the nature 
oflSs harboring communities. 



B * Strategjr'pf Community Adjustment (10-14) 

10 * Law of ecesis. ' The resources of an 

unoccupied environment will first be 
exploited by* organisms with high 
tolerance a£d generally wjth low 
requirements^ 

11 Law 'of succession. The same site 
Will - hot be indefinitely 'held .by the \ 
saine plani community, because the . 
physiographic agents and the plants f - 
themselves induct changes in>the - 
whole envi^Snmeht, and these aUow . 

* othe replants heretofore unable to 
^ invade, but now more efficient, to 
displace the present occupants". 



12 Law of regional climax. The 
processes of succession go 
through a shift of controls but 
are not indefinite, for they tend 
to an equilibrium that allows no 

' further nelay; the climatic-topo- 
graphic- edaphic-biological bal- 
ance oi forces results in an 
ultimate pattern which shifts 
from region to region. 

13 Law*of factorial control. Al- 
though living "beings reac**holo- 
cenoticaily (to all factorsvof.the 
environment in their peculiar 
conjunction), there frequently 
occurs a discrepant factor which 
has controlling power through 
its excess or deficiency. 

14 Law ot association segregation. 
Association of reduced composi- 
tion and simplified structure have 
arisen during physiographic or 
climatic change and migration 
through the elimination of some 
'species and the loss of ecological 
states of others. 



s <^$related to climatic conditions 
of the present as well as of the 
past. 



Regnal Climatic Response (15-20) 

15 Law of geoecological distribution. 
"The specific topographical dis- 
tribution (microdistribution) of an 
ecotypic plant species or of a 
plant community is a parallel 
function of its general geograpical 
distribution (macrodistribution), 
since* both are deter pained by the 
same ecologies^ amplitudes -and 
ultimately by uniform . physiological 
requiremefits. 11 J 

16' Law of climatic stress. It is at * 
the level of exchange between the 
organism and the 'environme nr 1 
(microbiosphere) that the stress 
is felt which eventually 'cannot be 
overcome and which will establish 
a geographic 'boundary. 
V> 

17 Law of biological spectra. Life- 
form distribution is a characteristic 
of Regional floras which can be 



18 Daw of vegetation regime. Under' 
a similar climate/ in different/ * . 
parts of the world, a similar/ 
structultal-physiognomic-functjlohal 
' response can be induced in the • 
vegetation, irrespective of floristic 
affinities 'and/or historical con- 
nections. 

19' Law of zonal equivalence. WMere . 
climatic gradients are essentially 
similar, the latitudinal and altitudinal 
zonation and cliseral shifts of plant 
formations also tend to be; where 
floristic history is essentially iden- 
tical, plant communities will also 
be similar. 

20 Law of irreversibility. ' Some, 
resources (mineral, plant, or 
animal) do not renew themselves, 
because they are the result of a 
process (physical *or bilogical) ^hich 
has ceased to function in a particular 
habitat of, landscape at the present 
time. 

21 Law of specific integrity. Since the' 
lower taxa (species and subordinate 
units) cannot be" polyphyletic, their 
presence in widely separated areas 
can be explained only by former 
continuity or by migration. • 

22 Law of phylogenetic trends. The 
relative geographical positions, (j 
withfei species (but more often genera 
and families), of primitive and ad-*, 
vanced phylogenetic features are good 
indicators of the trends of migration. 

k *23 Law of migration. Geographical 

migration is determined by population 
pressure and/or environmental changes 



Law of differential evolution. Geo- 
graphic and ecological barriers 
fa vpr independent, evolution, but the 
divergence of vicariant pairs is not 
necessarily proportionate to the gravity 
of the barrier or the duration of 
.isolation. 
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25 Law of availability. . The geo- 
. # .graphic distribution of plants 

and atumals*is limited in the 
first instance by their place ^ 
and time of origin. 

26 Law of geological alternation" 
Since the ^hort revolutionary 

. periods have a strong;/selective 
force upon the-biota,— highly -. #( 
differentiated life forms are 
' are more likely to develop 
♦during those times than during 
Equable normal periods. 

27 Law of domesticati3ff. Plants * 
and animals 6 whosw selection 
has been more, or less domi- 
nated By man are rarely able 
to survive without his continued 
protection'. ' 



IV THE LAW OF THE EQUIVALENCE * 
OF WINDOWS (deAssis) 

"The way to compensate for a closed 
- window is to open another window. 11 



REF^ftENCES 



Dbnsereau, P. Ecological Impact and Human 
Ecology, in the book Future Environments. 
<>f North America, edited by F.. Fraser 
Darling aiid John 'P. Milton; The Natural 
History Press, -division ^fc'Doubleday & 
Company;* New York, 1966, 197p. 



deAssis, Machado, 
Noonday Pres^s. 



Epitaph of a Small Winner. 
1966. 



in THIENEMANN'S -ECOLOGICAL PRINCIPLES 

■ These three principles apply to stream 
"invertebrates and will be noted specif- 
ically during your stream examinations 
as you compare' aquatic communities;;. 
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The greater the diversity of 
the conditions in a locality the ^ 
larger is the number of species 
which make up the biotic 
community. 



B The more the conditions in a 
locality deviate from normal, 
and, hence from the normal . 
optima of most species, /the 
smaller is the number of species 
- ' which occur there and the., 

greaipr the number of individuals 
of each of the species which do 
occur. f 

C The longer a locality has been 
in. the same condition the 
ricKer is its biotic community ; * 
and the more stable it is. 
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AQUATIC ORGANISMS OF SIGNIFICANCE IN POLLUTION SURVEY 



I ^TRODUCTION ' 

• yw 

A Any organism encountered in a purvey is 
Of significance. ~6ur probld&i. is thus not 
to determine which are of significancer 
but father to decide "what is*the signifi - 
cance of each ? 11 - 

B The first step in interpretation is 

recognition. "The first exercise in ' ^ 
ecology is systematics. 11 

C ' Recognition implies identification and an 
understanding of general relationships 
(systematics). The following outline will $ 
thus review the gerieral relationships of 
living (as contrasted to fossil) orgsfaisms 
and briefly describe the various types. 

D The .species problem . r \ \ # 

1 Necessilyvpf identifying specks 

-Stiiditf§#f me~ecologf of any habitat. 
require 1lie*idehtification of the K 
organisms* found in it. One cafinot ^ 
come up witl\ definitive evaluations of ^ 
stress on theiriotagjf a system*unless/«. ** 
we can say what species constitute the / ^ 
biota. Species vary in their responses * 
to the impact of the 'environment. * 

2 Solution^ to the problem ^ 

Evasion * 

'l Treat the .ecosystem. as a "blacky • 

/ box"- -a unit — while ignoring the * • 
constitution of ttfe system./ This 
may produce some broad generaliMttions 
^J.and..willxertaiiil3r^eld more qu^tions 
than answers*/ y 

i> Compromise 

V^ork v onty with those taxonqmic 
categories witfi which one hks the 
competence' to deal. 'Describe the 
; - biotic^comppnent as; a taxocenosis ; 
lixhited tqjone ;or 'too ^ntimer^ajly 
doriifoant t^9A°^c^tegories;, mi% 
bearin^ijn/mihd that numerically 
taxa which sure ignored may be very ' 
^impdrtarxt to the ecology of the~ecosystem; 



c Comprehensive description , , 

* > 

Attempt a comprehensive ^description 
. _ of the biota. No one. can claim 

competence to deal with morl ,than ~* 
one or two groups. v fgh'S* cooperation 
of experts must be 'obtained. The 
Smithsonian Institution has a clear- 
inghouse for this sort of thing. 1 
lists of expert taxohomists can be 
obtained. There will be none for 
; 8pme groups. Also collaboration 
is time consuming. . - 

31 Fungi: extracellular digestion 
(enzymes secreted externally, ) 
Food material then taken- in through 
cell membrane where* it is>metab- 
• pljzed and reduced to the mineral 
condition. Ecologically fejpwn as 
. R EDUCERS. 

E Each of these groups includes simple, 
^siftgl^- celled representatives, persisting 
. pi lQ^er levels on the evolutionary stems 
e of the higher orjganisms. / 

ese groups span the gaps between - 
higher* kingdoms with a *multitude 
Ip&lraaisitiqnal forms. They .are <* 
/collectively called the PROTISTA. 

t z ° . * 4 v ] 

* 2 'Within the protista, two principal 
,t L 'sub-groups can;be Refined on the* ; 
TSasis'pf relative complexity, of * 
• J structure. * * 

° \ 
« a She? bacteria and blue-green algae, 
lacking a nuclear membrane^may 
'be- considered as the lowej^s 
' -protista (or Monera). % . 

^b v The single- celled algae and 

protozoa are best referred to as 
.the higher protista. 

1 Distributed throughout these groups will, 
be found most of th% traditionalV'phyla" 
of, classic T)iology. ^ . « 
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H PLANTS , • - 

'A x The vascular plants are usually larger; 
and possess Tppts, stems, and leaves. 

1 Som§ typ^s emerge above the surface 
(emers6d)r 

* 

2 Submersed typed typically do not 
. extend to the surface. 



3 Floating types may be rooted or free- 
floating. 

^ Algae generally smaller, more delicate, 
* less complex in structure, possess 
chlorophyll like other green plants. ' 
For. convenience the following artificial 
grouping is used in sanitary science: 

1 "Blue- green algae" are 'typically small 
and lack an organized nucleus, pigments 
are dissolved inlcell sap. Structure 

» . very simple. 

2 "Pigmented flagellates" possess nuclei, 
chloroplasts, flagellae and a red eye ■ 

. spot. This iflian artificial group con- > 
taining seVeral remotely related organ^ 
isms, mayib^ green, red, brown, etc* 

3 "Diatoms" haye "pillbox" structure of 
Si02 — may move. Extremely commoij. 
Many 'minute in size, but colonial forms 
may produce hair-like 'filaments/ ' 
.Golden brown in cojor. . 

4 "Non- motile, green 'algae" have no loco- 
motor structure or ability in mature 
condition. Another artificial, groiap. * 

a' Unicellular representative's may be 
extremely small. 

b Multicelli^ may produce 

, great float^g ; mats of; mater ial. 

' m FUNGI * t ' s * , ^ >\ 

Lack chlorophyll and consequently' most are 
dependent ipn.othe^Jbrganismsi t They secrete 
. e^ace^iar ehz^es>ari ^ 

-ih^ cell wall. 



A Schitfomycetes or bacteria are typically 
ver$* smiaU and do not have an organized 
nucleus^ * , 

1 Autotrophic bacteria utilize basic food 
materials from inorganic substrates. 
They may be photo- synthetic or 
chemo synthetic . 

2 Heterotrophic bacteria are most 
common. The require organic 
material on which to feed. 

4 

B "True fungi" usually exhibit hyphae as the , 
basis of structure. 

t ■ 

IV ANIMALS 

A Lack chlor'ophyll and consequently feed on 
or consume other organisms. Typically' 
• ingest and digest their food. . 

B The Animal Phyla 

1 PROTOZOA are single celled organisms; 
many refcembling algae but, lacking * x 
chlorophyll (STTillustration in^'Oxygen^ 
# lecture). • 

4 T 2* FORIFERA are the sponges; both marine? , 
' and freshwater representatives. * 



3 CNIDARIA ( 3 COELENTERATA) 
, include corals** marine and fresh- 
water jelly fishes, marine <md 
freshwater hydroids. 



4^ PLATYHELMINTHES are the flat worms 
such as tape worms, flukes.and Planeria ; 

5 NEMATHELMINTHE^are the round 
worms and include both'free- living* * 
forms and many dangerous parasites. 



6 ROTIFERS are multicellular micro- 
scopic predators. \ 

7 BRYOZOA are small colonial sessile 
forms, marine or freshwater. 
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8 MOLLUSCA include snails and .slugs, 
clams; mussels and oysters, squids, * 
and octopi. r * 

% 9 BRACHIOPODS are bivalved marine 
, , organisms usually^ observed as fossils. 

10 ANNELIDS are the segmented worms 
such as earthwbrms, slucige worms and. 
many* marine species'. 

• 11 gCHDiODERMS include starfish, sea 
urchins and brittle stars. They are 
exclusively marine. 

12 CTENOPHORES, or comb jellies, are 
delicate jelly-like marine organisms. 

, 13 ARTHROPODA, the largest of all 
animal phyla. ; They have jointed ap- 
pendages and a chitinous exoskeltori. 

a C^USTAClEA are divided into a v 
cepfralothoraz ancLabdomen, and 
have many pairs v of appendages, 
including paired antennae. 

1) CLADOCEJftA include Daphina" 
a common freshwater micro- . 
crustacean; swim by means of 
branched antennae f 

. ~ 2) ANdSTRACAj s PHYLLOPODS)* 
are the fairy shrimps, given 
• to eruptive appearances in . 
temporary pools. 

3) COPEPODES are m^ine.and * * v 
freshwater inicrocrttstacea-- 
swim by means of tfafiranced 
antennae. 



\) OSTRACODS are like micro- 
scopic "clams with l$gs. 11 

5) ISOTODS ,are dorsoyentrally 
compressed; called sowbugs. 
Terrestrial and aquatic, marine 
and freshwater. 

6) AMPjEHPODA,^ known as scuds, 
.laterally compressed. Marine^ 
and freshwater. 



wet 



* 7) DECAPJQDA - crabs, shrimp, 
crayfish, lobsters, etc. 
Marine and freshwater. • 

b r QISECTA - body divided iato head, 
thorax and abdomen; 3 paris of legs; 
adults typically ^yith 2 fcatrs of ^ ■ 
wings and one pair .of antennae.. 
No common marine species; Nine 
of"the twenty-odd orders include 

' species with freshwater- inhabiting 
stages iir their life history as. follows: 

1) DIPTERA - two-winged flies 

2) COEEOPTERA - beetles 
-3) EPHEMEROPTERA - may. flies . 

4) TRICHOPTERAl- caddis flies * * 

5) PLECOPTERA - stone flies 

•6) ODONA'TA - dragon -flies and- 
damsel Hies - / ? 

1 7) NEUROPTERA - alder flies, : * 
Dobson flies and fish flies. 

3) HEMIPTERA - true bugs, 
sucking~tnsgsts such as water 
striders/ electric light bugs *• 
and water boatman 

LEPIDOPTERA - butterflies 
* 

• and moths, includes a few 
freshwater moths * % * 

aA.ACHINIDA - body divided into 
cephaiothqrax and abdomen; 4 pairs 
offegs - spider s, sc orpions, ticks 

mites; P.ew aquatic repre- 
sentatives except for the freshwater ■! 
mites and'tardigrades. 



*C CHORDAjTA T 

1 PROTC iCHORDATES - primitive marine 
forms mch as acorn wormB, sea « 
squirts and lancelefs* ,Sf- 

2 vERTjE BRATES - all animals which 



"have a 



1 >ackbone 



a*PICI!S or fishes: deluding such 
" form s as sharks and rays, . 
\ lampreys, and'higKe'r fishes; both 
• ^ marine : and freshwater 
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bv AMPHIBIA - frogs, toads, and REFERENCE > * / 

, . salamanders - marine species a 

• rare. ^ .Whittaker, R. H. ' New Concepts of 

• * ' Kipgdoms of Organisms. Science % 

c REPTILA- snakes, lizards and* 163:150- 160. 1969. o v - 

turtles*, » * x • » \ 

d MAMMALS - whales and other n * ^ \*~ 

v warm-blooded*vertebrates with This outltoe was prepared by H V W* ^Jackson, 

hair. * formerly Chief Biologist/ Natfotial Training 

e " AVES - birds - tfarm-blooded 

, vertebrates with feathers. L - MPOD,- OWPO# EgA, Cincinnati OH 45268. 



Center, and revised by R. M. Sin&^jj, 
Aquatic s Biologist f National Training^enter, 



Dfescriptors: 

Aquatic Life; §ystematics, Streams, \ 
Surveys, Stream Pollution ^ < 
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PONOI 



8ohitomyoetes - Baoteria f free living representatives 



' L *r 



flerobeoter 
aerogenes. 



Rhiaobiua 
radio ioola 



Azotobaoter 





Fhyoomyoetes * Sapfroleenia : A t detail of immature reproductive 
stages; B 9 mature oogonium and anther idia, with ege;s and fertili- 
zation tubes; C # dead* ta&pqle witjji growth of S. ; 





Phyoomyoete - Leptomitus ? , 
this genu* inolu£*s pollution 
tollerant speoies* 



■tV 
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Aaoorayoete - Ssooharomyoos ., a 
yeast including poll, tollerant 
* speoies* A t single oellj.B ^budding; 
C y asoospore formation* 
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BLUE GREEN ALGAE 
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Osoillatorla siffr . . filaments (trichomas) range from ,6 to over 
60/i In diameter. Ubiquitous, pollution toller ant. 




ej)ia 8pp . M similar to O soillatorla but has a sheath: 
A f Lyngbla oontorta . reported to iSe generally intollerant 
of pollution t B f U birgef, • 1 - 




fohanlSomenon f log~aouao 
A, oolonyj B f f ilatoent 
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Anabaona flos-aquae 
A/akinete; B t heterooyst 
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NON-MOTILE GREEN ALGAE : .^COCCOID 



(CHLOROPHYCEAE) 




Pedlaitmm 



Species of the Genus Scenedesmus . 
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3* aimorphug 
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Yalre riews 



€iiil!l> 



. Oirdle riewt, 
•tylitedjbo thov 
basic diatom 
structure. 



A ttiiooid or oentraX - 
diatom each at 
Stephanodisoaa, 



A pinnate or navioalar 
diatom euoh at 
Praglllaria 




A oolony of FregiUarie, 
(girdle views) 



W A 

§ B 



A oolony- of Astarionalla 
(girdle riews) 



flonmhone— ; ~ 
A, Yalre Yiew; B .girdle 
TiilW, 





Diagram enowing progress It* diminution in ttfe size of certain 
' fnfstules tnrough amooessire ooll generations of a diatom. 
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FREE LIVING PROTOZOA 



I. Flags llatod Frotoioa, Class Mastlgoj 



7? 



* Ahthophrslts 5 
Foliation tolerant 



Pollution tolerant 
19 




^N- V ~e«l«»-flf-Potofclodondr«i 
> , Pollution tolerant f 35/* 



IX* Aweboid Protoxoa, ClssV Saroodina 






Ittoloarla.roportod 

Pollution tolerant to bo intolerant of 

pollution, 45/^. 



tion tole 
10-50 



£i££lt£ll 

Pollution tolerant 

6CH500/I 



XXX. Cilialysd Frdtosoa, Class Ciliophera 






Cqlpoda 
Foliation tolerant 
20-120 jk 



j^ioijtoi.roport^ ' Jhftlftdlti Pollution 
to bo intolerant of tolerant Coloniss ofton 
pollution, 3$jk maorosoopio. 
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PLANKTONIC ROTIFERS 







Various Forms of Keratella cochleares 






Synchaeta 
pectinata 



Poly gar thra 
^Hilgaris 



Braqhionus 
cjuadridentata 
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fr^ee Living . nemathelminthes, or round worms 



-pharynx 



-nerre ring * 



-excretory £pre 
>taliyary gland 
•renette 



. intestine 



-tattle 



-teninal reticle 
rat deferent f 

-ejaculatory gland 



O -ft- 
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Monhyttera $ 



rectal gland. ' 
» 

ovulatory spicule 

!V ( * " > n 
-gdbernaculum * , 




, ' Bhabdltlt # 



. Achromadora $ 



PLATE X 
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Aquatic Organisms of Significance 



FRESH WATER ANNELID WORMS 
* Phylum Annelida 



anus, 




* south 

.Class Oligochaeta,, earthworms 
Jbc: Tublfe* \ the sludteeworm 
(if tar Liebman) 



H.V.Jackson 



mouth 




posterior tucker disc 



Class Hirudinea. leeches 
(After Hegner) 




enter! or end 



PLATE XI 



Class Polychaeta • polychaet •worms 

• txx Manayualcia , a minutef rar.e, tuba* 
building worn, ; 

(After Leidy) 
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SOME MOLLUSCAN TYPES 



Class: Cephalopoda; 
Squids, octopus, 
cuttlafish. ; ~ 
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Aquatic Organisms of Significance 




Jtrclusirely aarins. 

The giant squid shown 

i 

was captured in the. 
Atlantic in the earl/ ; 
.ninteenth century. 
(jLf ter Hegner) * * /' 





Ilaax , 
a slu* 



lymnaea 




an air breathing snail a Wat e$ .breathing 
• snail 
Glass: OasteopQda; snail's and- slugs* (i£ter Buchsbanm) 



I 

i 

I 

II; 
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V* Glass:. F^ec^odai, clans » mussels, oysters; 

.\« ** * * ' . ' , i . # , , 

- X*cojwMon: ; of a freshwater clam, shoving how foot is extends^ ths tip 
^ J*xntiatij& 9 and the :aniaai* pulled along to -its^wn^anchori, iJ$%*&*jSiadi9~ 

/" r hwSy^/:wy 'V/W^7 > V' • rsnr^Sckson 

, p-£atexii . ♦ x 
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Aaftatic Organisms of Significance 



Beetles 
Order COLEOPTERA 



. body 




lover ey 





Whirligig beetle ( Oyrlnus ) A, Side view 
of head; of adult showing" divided eye; 
B# larra; C« Adult* Carnivorous. 



• * » 




' A diria* beetle (Pytiscua ) 
takia* air at the 1 surf Ace. 



** * 




The riffle beetle .( Psephenus ) ; 
Ai adult; B, dorsal tide of larra; 
C, reniral tide of larra. Predominantly 
herbirorous. 




* , * Aidirinf beetle ((tiPbieter ^ Ite^T- 

i»C beetles include some, of /the largest 
• ' .end' bo st roreeioue of aquitic inserts. 

# • i **-A, larra; B * adult . v > 

. *. * * - PLATE XV 



Crawling water* beetle; ■ ^ 

A; adult; B, larva. Predominantly 

herbivorous. 

' H.if. Jackson, if ter" 
Keedham, Pennak, . Morgan.and others. 



Aquatic Organisms of Significance 



MINOR PHYLA 



Phylum Coelenterata 




Hydra with bud; 
extended, and contracted^ 



Phylum Bryozoa # 




Massive coldny on»#$$0%& 
stick 




Medusa of / 
Crasp^arnQ^ ; 

/ 




^Creeping colohy- 
on rock 




, Single zofidf y.oung statoblasts.in tube 

...» - * * 

PLATE XVI 



SOME PRIMITIVE FISHES 




Class Agnatha,*jawiess fishes (lampreys and hagfishes) - Family 
PETROMYZONTIDAE, the lampreys/ Lampetra aepyptera, the 
BrooJJ/fcamprey " A: adult, B: larva {enlarged) 




Class Chondrichthyes - cartilagenous fishes (sharks, .skates.Srays) 

Family £ D AS YATIDAE - stingrays. Dasyatis centroUra, the Roughtail Stingray, 

ClsSs Osteichthyes - bony fishes' - Family ACIPENSERIDAE, sturgeon, 
Acipenser fulvescens, the Lake Sturgeon 




Class Osteichthyes bony fishes. - Family POLYODONTIDAE, the 
paddlefishes* Polyodon spathula, the.Paddlefish, A:side view B:top view 




Class Osteichthyes - bony fishes - Family LEPlSOSTEIDtfE - gars 
^ Lepisosteus ps setts, the Longnose.Gar 




' Class Osteichthyes - bonv fishes - Family AMUDAE; bowfins 
* Aniia calva, the Bowfin 



/ Reproduced with permission; Trautm an, 1957. 
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TYPES OF BONY FISHES 




Family CLUPEIDAE - herrings 
Dorosoma cepedianum - the eastern gizzard shad 



< 




Family ANGUILLEDAE - freshwater, eels 
Anguilla rostrata - the American eel 




c ERJC 



Family ESOCIDAE - pikes • 
. Esox lucius - the northern pike 

Reproduced with permission; ^Trautman, 1957. 
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Family- POECILIIDAE - livebearers 
Gambusia affinis - the mosquitofish 




Family GADDIDAE - codfishes, hakes, haddock, .burbot 
Lota lota - the eastern burbot 




Family SCIAENIDAE - drums 
Aplotfinotus grunniens the freshwater drum, 



BIOLOGICAL ASPECTS OF NATURAL SELF PURIFICATION 



I INTRODUCTION 

% • . * 

A The results of natural v self purification 

.processes are readily observe^. Did they 
• not exist, sewage (and other organic ~ • 
wastes), would forever remain, and the 
world fas we know it would long ago hav6 
beconie uninhabitable. Physical, chemical, * 
and biological factors are involved. The 
microscopic'and macroscopic animals 
and plants in a body of water .receiving 
organic wastes are not only exposed to all 
of the various (ecological) conditions in 
that water,.: but they themselves create and 
profoundly modify certain of those conditions. 

Since toxic chemicals kill some of or all. 
of the aquatic organisms, their presence 
disrupts the natural" self purification ' % 
processes; and hence, will not be considered 
here. The following discussion is based 
polely on the effects of organic pollution 
' such as sewage or other readily oxidizable 
organic wastes. 



e- This-deseription-is based-on-fhe~concept„of„ 
a "stream" since under the circumstance^ 
. of stream or river flow, the events and 



conditions dccur in a linearis uccession. < 
The same fundamental processes occur in 
lakes, estuaries, and oceans, except that 
the sequence of events may become* 
telescoped or confused due to the reduction 
or variability of water movetaents. 

The particular biota (plants and animals, * 
or "flora and fauna) employ eh .as, illustrations 
below are typical of central Umted States. 
Similar* or equivalent fongp^odcuiLin . 
.similar circumstances in other parts of • 
the world. . 



E This presentation is based on ah unpublished 
. chart- produced'by Dr. C.M. Tarzwell and 
his co-workers in 1951. Examples from 
this chart are employed in the pre sentation. 



II THE STARTING POINT 

A A normal unpolluted stream is assumed 
• as a starting point, (Figu-re 1) - 

B The cycle of life is in reasonably stable 
balance •» . 

• * 

C A gtfeat variety of life is present,, but no 
one species or type predominates. 

D The organisms .present are adjusted to the 
normal ranges of physical and chemical 
factors characteristic of the region, such 
as the following: 

1 The latitude, turbidity, typical cloud 
cover, etc, affect the amount of light 
penetration and*hence photosynthesis. 

2 ^The. slope, cross sectional area, and 
nature of the bottom affect the rate of 
flow, and hence the type of organisms 
present deposition of sludge, etc. 



3 Th e te m perature affects both ce rtain 
physical characteristics of the water, 
and the rate of biological activity 
(metabolism). 



4 Dissolved substances naturally present 
in the water**gr'eatly affect living 
/ organisms (hard^ater vs. soft wate # r ♦ 
fauna and flora). 

E* Clean- water zones can usually be ■ ' 
characterized as follows: . - 



1 gfeneral featifres: 

- a Dissolved 4 oxygen higfi 

b BOD low 

c Titrbidity low 

d ^Organic content low • 
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THE BIOTA 
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figure l': Relations between variety and abundance (production) of aquatifc life, 
.g-as organic pollution (discharged at mile 0) is carrifed down a stream. Time 
and distance, scales are only relative and will be fotmd to differ in nearly every 



case. After fiartsch and Jngram, 
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Biological Aspects of Natural Self Purification 



e Bacterial count low 

f Numbers of species high. 

g .Numbers of organisms of each^species 
moderate or low ♦ 

h ' Bottom free of sludge deposits 

2 Characteristic'biota includes a wide 
variety of forms such as: 

a A variety of algae and native higher 
(vascular, or rooted) plants 

b Caddis fly larvae (Trichoptera) 

,c • Mayfly larvae (Ephemeroptera) 

d Stonefly larvae* (Plecoptera) 

e Damselfly larvae O^ygoptera) - 

f Beetle's (Coleoptera) 

g Clams (Pelecypoda) - 

h Fish such as; 



well organized events are initiated. 
. ^ ^Important items to observe inrbrterpreting 

the pollutioniQ^lgfttficance of-streaixi 

organisms arfe the following: 

B -Numbers, of species present, they tend to 
decrease with pollution ~ 

C Numbers of individuals of each species 
tends to increase with pollution. 

.** ■ 

D Ratios between types of organisms are- 
^disturbed,by pollution. 

1 Clean water species intolerant of 
organic pollution tend to become* scarce 
and unhealthy, * 

2 Animals with air breathing devices or 
habits tend to 1 increase in numbers. 

3 Scavengers become dominant • 

4 Predators disappear 

5 Higher 'plants, green algae, a»nd mo&t 
diatoms tend to disappear. 

6 Blue green alg aeoftenlbecome 



cpnspicious 



E The importance of observations on any 
single 'species is very slight. * 



- Minnows (Notropid types) y 

- Darters (Etheostomatidae) 

- Millers thumb (Cottidae) 

- .Sunfishes and basses-^Centrar chidae) - IV— THE-ZONE-OF RECENT BOLLU.TIQKI 

- Sauger,^ yellow perch, etc. (Percidae) 
Others~ - - — -—^Jl 



.3 Organisms chairacterist^c of clean lakes, 
estuaries, or oceanic shores might be 
substituted for the above; and likewise 
in the following sections. "However, it 
should be recognizedvthat no single 
habitat' is;as thoroughly understood in 
this regard as the freshwater stream. 



A The zone of recent pollution begins ^itK 
the act pf pollution, the introduction of 
'excessive organic matter: food for 
microorganisms (Figure lj day 0) 



B There follows a period of physical mixing. 

C: Many animals and plants are smothered . 
or shaded out by the suspended material. 



J POLLUTION 



P With this, enormous new supply of food 
^^tertel^bacteria and other saprophytic^ 



. microorga&ismsin^ 
rapidly. 



With the introduction dfSorganic pollution 
(Figure 1, day 6), a succession of fairly'^ 



E 



The elimination of intolerant predatory 
animals allows the larger scavengers to 
take .full advantage of the situation. * 

This^explosive growth of organisms, 
•particular ly~fungi and bacteria, draws 
heavily on the free, dissolved oxygen for 
respiration, and may eventually eliminate it., 

- » 
The number of types of organisms diminishes 
but numbers of individuals of tolerant types 
may increase.*" \ ■** f -*- 



f Dragonflies (Anisoptera) often presen} 
have unique tail breathing strainer 

g Fish types, eg: 

- Fathead minnows ( Pimephales 
promelas ) 

- White sucker (Catostomus 
commersonni ) 

- Bowfin (Amia calva) 



H Zone of degeneration, or recent pollution, 
can usually be characterized as follows: 

1 General features: 

a DO variable, 2 ppm to saturation 

b BOD high v " 

c Turbidity -high 

d Organic content high m • 
e •Bacterial count variable to high 



- Carp ( Cyprinus carpiq ) 
V THE Sfe^TIC ZONE 

A The exact location of the beginning of the 
septic zone, if one occurs, varies with 
season and other circumstances. 
(Figure 1, day 1) 

B Lack of free DO kills many microorganisms 
and nearly all larger plants and animals, 
again replenishing the mass of dead 
organic material. 



■h & 



f Number of species declinep from 
clean water zone 

g Number of organisms per species 
tends to increase ^ 

h Other: Slime may appear on bottom 



2 Characteristic biota:. 

a ^ewer^higher plants, but rank heavy 
^growth of those which persist 

b Increase in tolerant green, and blue 
green Jtlgae 



G Varieties of both macro and micro- 
organisms and adjustable types (facultative) 
that can live in the absence of free oxygen 
(anaerobic) take over J: 

* 

D These organisms continue to feed on their 
bOTanza of food (pollution) until it is 
depleted. 

E 1 The numbers of types of organisms is now 
at a minimum, numbers of individuals 
may or mayjfot be at a maximum. 

F The septic zone, or zone of putrefaction 
can usually be characterized as follows: 



ilEr'- 

* - 

****** ' 



c Midge, laxvae^CCRironom 
becpriie extremely abundant 

d Back.swimmers' ^Corixidae) and water 
bqatiaen (Notoriectidae) .often-present 

e Sludge worms -(Tubificidae) common 
to abundant. 
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1 General features: 



a Little or- npfDO during warm ^eatherv— r _ 

b BOD high but decreasing 

c Turbidity high, dark; odoriferous 

d ^Organic content High but decreasing 
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e. Bacterial count high * E 

f Number of species very low 
" _ ■ F 

g Number* of organisms may be extremely 
high 

h Other: Slime blanket and sludge 
deposits usually present^ oily . 
appearance- on surface, rising gas G 
bubbles 

<► ■ „ 

2 Characteristic biota: • H 
'a Blue green algae 

b Mpsquitp larvae 
c Rat-tailed maggots 

d Sludge worms (Tubificidae and similar J 
forms).' Small, red, segmented 7 
(annelid) worms seem to be character- 
istic of this zone in both fresh^and 
salt waters, the wc#ld around. 

e Air breathing snails ( Physa for 
example) 

f Fish types: None 

3 Note: Fortunately, all polluted' waters 
do not always degenerate to "septic" 
conditions. ] 



VI THE RECOVERY ZONE 

A The septic zone gradually merges into the 
recovery zone. (Figure!, day 4) 

*-B As the excessive food-reserves^diminish 
so do the numbers oyanaerobic organisms 
and .other pollution tolerant forms. . v^r^* 

C As the excessive 'demand^or o^gen 

diminishes^.free DO begins to jappear and 
. likewiaej^gen requiring (aerobic) 
organisms; 



Photosynthesis by the algae releases more 
oxygen, thus hastening recovery. 



D A'svthe suspended material is reduced and 
available mineral materials increase due. 
to microbial action, algae begin "to r itfcfease~ 
often in great Abundance.' * . _ 



Since algafe require oxygen at all times 
for respiration (like animals), heavy 
concentrations of , algae will deplete free - 
DO during the night when it is not being 
replenished by photosynthesis . 

Consequently /this zone is characterized 
by extreme diurnal fluctuations in DO. 

With oxygen for respiration and algae, ,etc. 
for food,* general finimal growth is resumed. 

The stream may now enter a period of 
excessive productivity which lasts until 
the accumulated energy (food) reserves 
have 'beeh, dissipated. 

Zone of recovery may^usually be 
characterized as follows: 

• ♦ > 

1 General features: 
* a DO 2 ppm to saturation 
b v BOD drdpping^ 

c Turbidity dropping, less color and 
odor 



d Organic corttent dropping 



e Bacterial count dropping 

.£ Numbers of species increasing « 

g Numbers of orgknisms per species < 
decreasing, (with the increase in , 
. . competition) * 

h Other:* Less slime and sludge; 

2 Characteristic biota ;~ % ' #*> 



a /Blue green algae 




b Tolerant green flageWtes arid other 
lgae • ' - ' * 



c Rooted higher plants in lower reaches 
d Midge larve CChironomids) 



it: 



e Black fly 'larvae X Simulium ) 
f Giant water bugs (Beldstoma spp . ) 
, g Clams (Megalonais ) 
h Fish types: 

• Green sunfish ( Lepomis cyahellus ) 

• Common sucker ( Catostomus 
commersonni ) 2 

- Flathead catfish (pyiodictis olivaris ) 
j ' 

- Stone roller minnow (Campostoma 
anomalum) 



-.Buffelo (Ictiobus cyprinellus ) ; 

3 Excessive production and extreme * 
variability often characterize middle and 
lower recovery zones. 

4 Unfoi^tunately, many waters oncefcpollutSd 
never completely "recover", Re- 
pollution is the rule in many areas* so 
that after the initial pollution, clear 

out delineation of zoSfes is not possible. 
Characterization pf these waters may 
involve such parameters as productivity, 
BOD, some "index", figure, or other 
value not included here. 



VII CLEAN WATER ZONE 

A Clean wat^r conditions again obtain when 
^productivity has returned^ to a normal, 
relatively poor' level, and a well balanced 
varied flora and fauna are present^ , 
' (Figure 1, day "io") Conditions may 
' usually be characterized as follows: 

v B General features: similar to upstream 
clean w^ter except that it is now a.larger 
stream. * 

. . - , • 'i 

C 0 Characteristic biota: similar to upstream 

clean water -fauna and^flora except that * 

species include. those indigenous to a'. 

largeV stream. 1 
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I INTRODUCTION . <. 

-,Jf" Eutrophication v may be defined briefly 
as enrichment (of the aquatic environ,- ' 
* :ihent) leaking to the production of aquatic 
life.. It is part andparcel of gie process 
of'il^uraiself^iirificatfon^ , g 

B Productivity is defined briefly as th« * 
abpity of water (or land) 'to/produce a 
crop of living things/ 

ft m * 

C A baseline assumption of the. present 
discussion is the absence of toxicity* 

II NATURAL EUTROPHICATION 



Eutrophication may occur naturally in 
the course of geologic tim£. 

The classic example is a "pbtrHoleV lake 
formfed when a large block of glacial ice 
(which Jiad beenburied in sand aftd * . 
gravel) melted. r o 

1 'At the outset, it was a barrgr^ho^e 
in a vast graytfl plain filled \^th icfe * 

2 Life quickly bedame established as 
bacteria and algae^ drifted in. The. 
nutrient base at this time was the 
^inorganic^sscrlv^d £oiids in watsr. 

3 As time # wen#on, dead organic 
matter began fojLCcumulate on the ^ 
bottom as ooze. Rooted vegetation 
crept in around the shore.- Leaves, 
sticks/ and otfr6r dead organic matter j 

' ^ac'cumulatecTaround the. margins w-^ . 
- til a mat of sodandpieat b^ayi^o^' 
build out from the shores. This over- 
growth continued ygAii t the* water w&b . 
closed pygy and bog resulted. Bog / ■ 
grew intpipoiid soil and [the lake 
disappeared forever.* * • „ 

4 The processes of eutrophi<^&ri. / 
therefore Jed to tile 3e)X^Ui^&xik^on 
6f the kke by 'means of organic* £\ N 
matter essentially produced within 

. its own confines and the immediate 



III 
A 



> erfvironsi 



All natural eutrpphication does not 
necessarily lead to' the elimination of 
♦water basins; dther geologic processes 
* often intervene. /'But it is interesting 
to note that vast quantities^ of carbon, 
hydrogen* and oxygen havg been immo- 
bilized in the earth's crust as coal and 
geat measures as % the* result of •eutro- 
phication and biological productivity in 
the Caf^onif erpjis' (late Paleozoic). 
Streams may have a natural productivity 
resulting from materials- leached^from 
bedrock or other materials. 

„ EUTROPHICATION BY MAN ' 

Covert (Concealed) Eutrophication via • 
Soil Seepage f * , . 

1 v This is a slow but sure route for much 

nutrient material deposited in or on 
the ground to reach^Qp^water. 

2 A limited (?) and unknown amount *** 
pi production occurs in the subter- \ 
ranean environment. e This includes 
the growth of soil bacteria and 

pother fungi, or animals, arid does 
not generally result in the entrain- 
ment of additional energy-content^ 

-in the biomass (mass of organic: 
substance). 

3 Due'tothe generally low rate of water 
seepage through soil, visible eutro- 
phication of open bodies of water by 
this route is likely to.be slow to ? 

, develop, and equally slow to dissi- 
pate, should the sour cebe eliminated. 

4 Examples could be cited from 
Florida to Washington and Maine to 
California. Sources of the nutrient 
are generally seepage from agri w 
.cultural crop fertilization, or soil 

f absorption from individual sewage 4 
disposal systems. 



JB Overt (Open) Eutrophication 



m 



• 1 Raw waste discharges- of sewage, 
dairy wastes/ food processing* 
• wastes, etc. 
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v Significance of Eutrophication 



Likely to be conspicuous, t 
intermittent, and, obnoxious. 

Often create nuisance zones in 
streams^pr lakes during which 
• mineralization takes place. 



*V Environmental eutrophication 
* cannot begin untiLminerallza- 
tion has proceeded tp a point 
where basic plant nutrients are * 
available, although vefy heavy 

* v "consumer 11 growth (scavenger 

animals) may result from direct , 
feeding on the waste itself. . K h 

2 Treated waste discharges 

* o 

a Generally legs environmentally 
traumatic than^raw Waste; nui- 
. „ sance zones 4ess~ common. * 

A b Conventional secondary treats 

ment fess damaging than pri- 

* mary treatment alone. 

* * 

9 

c Residual minerals and energy 
content *&tiil inevitably avail- 
able for e%troJ>hication* # ^, 

3 4&vert eutrophicatioh generally more 
i^mediabie-and-subiec1H:o-cont 



than covert. 



a* ^asteflow*iis completely con- 
trollable (barring accidents), 
as % compared to diffuse seep- 
age through soil. 
*' -> ? V^T ■ i ^ * • " . 

{b s Thfe cjjiantity ofceutrophic mater- 
" *\,^ial to a bo dyoi wSte r at any given 

time is finite and degradable.' • 
Givferi tjme/ without replenish- 
. merit, it v^ll be. exhausted. 
-* *' : . 

IV SIGNIFICANCE OF EUTftOPHICATION 

«* 

A A point of -view such, as a water.quality 4 
objective, fpr example, is necessary 
• for the % evaluation of eutrophication. 



X 



Enrichment of a water supply res- 
ervoir is generally considered bad, 



E 



as it lipually leads to the develop- 
men^of blooms of plankton organisms 
causing tastes and odors, or the 
development .of an anaerobic hypo- ' 
limnion with accompanying P^Sandf" 
other .problems. ^ ^ 



2% , Enrichment of a fishing lake is* 
„\ Sonsiderecfgood to the point where 
> maximum fish production can be otj 
tained. 



r 



Eutrophication exists in many degrees; 
a little may be good, too much may be 
bad. 

A little natural productivity ( eutrophica- 
tion) pfus a little man-made productivity 
may lead to too much total productivity. 

Eutrophication is inexorable and inevi- 
table. Once the basic ingredients have 
been dumped into a body of .water, some- 
where, sometime, they are sure to be 
assimilated by an organism and thus . 
contribute to new growth. Burial in a. 
sludge bank or- discharge on a flood 
simply delays the result in time or 
changes the location^ 
<^ * 

Deliberately encouraged, eutrophication 
lyiTonstiTfite a final stage in treatment. 



conclusion: 



Eutrophication is neither good nor ba'd, but 
thinking makes it so! (Apologies .to Shake- 
speare) * ^ 
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POLLUTION OF THE MARINE ENVIRONMENT 



I Estuaries are. the hydrologic exit points, 
'for inland l&kes and strealns and the oceans^ 
are Undeceiving waters. 

The accumulated pollutSbn load of the entire 
-central portion of the country is disgorged 
through them* 

A Estuarine waters are thus essentially 
"river waters" near their Jieads merging 
^seaward into typically marine waters. 
? Mixtures of fresh and salt water are 
' called "brackish, " 

♦ B Bays and the open ocean are essentially 
similar in water characteristics but ^ 
usually have distinctive patterns of water 
circulation. 

Approximately one third of the population 
of the U. S. (over^S million people) lives 
on estuaries/ and seven of the worlds ten * 
greatest cities are on estuaries. « 



/ 
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H MARINE WATERS AS RECEIVING WATERS 



A Marine waters are extremely "hard, " as 
^ compared to most'inland ^waters. The 
total dissolved solids- content is measured 
in terms of parts per thousand (%©) ■ 
rather than^arts per million. 
• - 

%l Water from the open ocean ranges 
^ from 33-35 parts per thousand of total 
' salinity by weight (33, 000 -35, 000 ppm) t 

< m: • 

2 There is considerable readjustment of w 
the/dissolved solid ratibs as inland 
waters mix with sejprater. • 

a Some of the solids, , suspended in 



. river water, 
. oceafti<rwater. 



ay' be 'dissolved in***^ 
eas^other , 
materials may be precipitated and ^ 
dropped as silt, * There is thus a 
certjdh amount of -'natural " -siltatipn 
unrelated to man-Made pollution. 



It has recently been established 
that much of the , silt in" certain 
eetuarie^s is of oceanic origin. In 
others it is of river origin. 

* » 

Biological assimilation removes , 
additional material .from solution. 



B There is a great (but not "inexhaustible) 
capacity, for dilution in the Oceans. 



Though we will probably never approach * 
the assimilative, capacity of the^opeh 
oceans as a whole for" the natural 
purification of sewage type waives, 
severe local disturbances of the natural 
ecological balance '(pollution) are legion * 
in coastal areas. * mmm 

Safe dilution limits for radioactive 
wastes appear to be definitely limited. 



m 

a 



m 



The* effects of conditions in abyssal 
depths on waste storage containers 
c^indt currently be predicted. 

Oceanic water masses are known to 
turn ovgr and major currents to 
Ghanjge at long or presently unpre- 
dictable intervals^ 

Long half -life radioactive isotopes 
could accumulate dangerously in the 
I biota.'' * ' 



EFFECTS QF ORGANIC dR SEWAGE - 
TYPE POLLUTION^ / ' 



.J 



These materials whue^detrimental, ckn 
eventually be metalSSUntt^ biological 
prodesses. . ■ « \ # , 

It should 'be noted that many brackish water 
formS* •pjEust^ularly those adapted to life in * * 
bracldsh^marshes 4 and tidal flats, are highly 
tolerant of variable conditions, \pften ^tiirally^ 
including high organic content. These then- * 
might be expected to tolerate moderate 
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amounts of organic pollution arid could be 
lftted as "fafcultative. ^ 



A Molluscs ». /• • • v" 

1 CtysterS (stfch as Cragsostrea virginica) 
•V" and.mussels (such as Mytilus edulis) . ? . 
^ a^e attached and unabje to move to 
~ „S overcome 'silt accumulation. . 

♦ , a Slow siltatfetf* result in upward 

elongation of Sxistijig individuals. 

- - - ' " ' V • 

b Continuous accumulation of silt will 
prevent the attachment 6f young 
* -larvae. • r % * 

c Organic poJJ.utiop is usually se\ya£e 
* • which not only Eliminates dysters t 
and mussels ecologically, but alsp 
renders JJiem unacceptable for& 
Sanitary reasons. , * 

d They sefem' to be able to tolerate 4 * 
considerable intermittent oxygen^ 
depletion. '*° t % 

: . . .* .\ - .. y < , 

2, The term "clam 11 included such forms 
as the hardshell* clam or quah'og' 
*/ (Merceparia nfercenfrria^ and -the, " 4 
*- < Softsiiell'ih.am, (Mya arenarja) o£the 
Atlantic, and razQr clam (^ilTqua , 
s patula) and geodupk (Paqopg generosa) 

* . * 6f the Pacific coasts* 



a # 'Being* Unattached and naturally active 
bureowers, these iniaaals' are '.able . 
. to overcome stiteer*siltatiori. k f 

b Their sensitivity tQ*oxjrgen depletion 
resemblds'that of the oyster, vc 



As the bivalves feed on the plankton, 
these radioactive chemicals will ir\ A 
turn be assimilated by them. 



" c 



Details have yet to be worked out, 
but prelimiifen^y investigations have 
demonstrated the basic facts. 



4 Some snails have known responses 

to pollution and othe.r ecological factors. 



3 Since >claiiis and oysters are plankton - 
^ feedersf, ;it should fce noted that tyey - - 
„are particularly ^Liabler to the accumula- 
tion of radioacfiv'e washes. *. ^ •** v 

. ' * " " ; i 

1 q, Some radioactive isotopes are . 
. ^assimilated .by certjda algae and, 
phytdplanklkon. 



a, The mud snail -(Nassa«spp. ) . i s of tea 
found on shallow tidal mud flats with 

# high temperatures and high organic 
content. 

b The European snail (Bulla stricta) 
is listed as b&ing favored by pollution. 



B Annelids t- 

A type of annelid worm knowi as slu<Jge- 
worms.are found "to be fgyored by severe* # 
organic pollution, even though anaerobic 
* cortditions may obtain. These are repre- 
sented^ in freshwater by such genera as 
Tubiflex and Limnodrillus and in sea- 
waters by Spio fulginosus, Capitella 
capitata and others. * ' 4 

1 Due to their possession of hemoglobin 
they are -able to extract the last trace' 
*of*avaUable<£xygen from -polluted 
water, and there is good, evidejicje^ that 
at lea8t,some of. them m'ay utilizp* 

, t bound, oxygen under anaerobic conditions* 

* **'*> • \ 

^ A variety of anneli^^rorms often - 
' ^toSiinafees the f^una of a polluted area, * 
% even $heft industrial* wastes are . * 
prevalent. 



*m 3 



Members of this group* apparently feefi 
acti^^ly on the organic mud or sludgy 



' itself. 



: *C Heavy 6£|jsu3i6 pollution will eliminate the • 
f# macrpfajuia and^fl 0 ^ pi \f tUary or 

• * pjcean front, ^B^in st freshwater river % or 
' lake, largely as a fesiilt bf oxygen 
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Table II - Pollution Tolerance of Marine Organisms t 

\ (As reported by Von Wilhelm, 1916an<J Mohr, 1952) , 

Response to Pollution 



Favored 



THALLOPHYTES 
Chlamydothrix 
Enteromorpha spp. 
Jttxa^spp* 



PROTOZOA (Ciliophora) m t 
Eutreptia 

* Vorticell^ (Campannla type) 
Epistylis 

(aginjpola 
Euplotes " 
Stylonychia 
Lacrymaria ' * /, 

pYatyhelminthes 

, Plagiostoma girardi, 
MOLLUSCS ] - 9 

• Bornia corbuloides 
Caps a frigilis 
Tapes aureus ^ 
Bulla stricta 

Dirois verrucosa * * * 

Spurilla neapolitans 
. Mytilus eduHa 

Cardium edule 
ANNELIDS 

Spio fulginosus 
f Capitella capitata 

Arenicola claparedei & A, grubei 

Hydroides pectineta & H. uncinata * 

Spirographis salanganis • 
. . Staurocephajua rudolphi 

Sternaspis thalassimoides 
ECHINODERMS 



dolph 
limbic 



Asterias tennispina 
BRYOZOA 

Bugula avicularia & B. calamus 
Bugula purpiirotincta 
CRUSTACEA K 
• * * Nebalia gplatea 

.- 43ffach^potus sexdentatus 
Balanus spp. »~ * . * 

TUNIjCATES . 
, Cione intestinalis 

• Botryllus aurolineatus 
Box Salpa 

x' - indicates general degree of tolerance 
xx - strongly;favored ' - 

- *• ^ 

• " - / ? 



Facultative 



Intolerant 



x 



XX 



X 
X 
X 
X 
X 
X 
X 

"XX 

X 
X 
X 
X 
X 
X 



XX 



-XX 
X 
X 
X 
X 
X 



X 

X 4 



*9 
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deficiency.* or the physical accumulation 
of a.sliMge blanket on the bfcttom* Living 
matter, however, is represented by 
.bacteria and molds. The impoundment 
of inactive water over such an area 
hastens this destructive process. 

- 1 Ag. distance up or dqwn the estuary 
provides time and dilution, biological 

;~ ; oxidation -airihtitaer^ 

to .the point* Adhere some elements of . 
*hfe macrofauna-and flora can live. 

2 These tolerant species, such as, those 
noted above, then talje advantage of the 
increased concentration of nutrients 
and the lack of competitors to grow in 
size and numbers far beyond the natural 
production levels. 

1 . 3 This then, is the same expression of 
.recovery from Organic pollution found 
in freshwater, namely: stiper abundance 
of life, but generally restricted variety/ 

D Marine fishes respond to pollution in 
essentially the same way as freshwater 
fishes. 
* 

1 Due to their being accustomed to moving 
about* in larger bodies of water, they 
have mor,e chance to avoid the proximity 
of local pollution sources. 

2 ^E limina tion of bottom organisms tends 

to discourage bottom feeding fish, 
** % although scavengers such as sculpins 
*v5 $ toadfisb, and others may often be 
* found in th£ vicinity of outfalls. 

3 Organic sedimentation may, directly 
smother the eggs of bottom spawning * " 

j fishes svCcji as smelt. 

4 Severe poUutfort>in a river-mouth or 
estdary may aieo serve as- a blockTto 

• sensitive. arikdrbmous fish' seeking to 
. \ run upstream to spaMJ£ t * \' ^ • **' 

, 5 Organic enrichment maypxcwld^^foiffe * 
food and .hence increase pro&ctivity 
on the fringes of polluted zones as in t 
fresbwaters. * -V - • 



? 



6 Fish such" as tarpon and mullet have 
been observed to thrive in highly 
enriched brackish water ponds and 
bays in Florida and eleewhere. 
This of cojirse is essentially the same 
type of situation as a* fertilized fish 

P9 nd - « * 

.IV TOXIC POLLUTION 

* The physiological nature of the action of 
toxicant's on organisms is infinitely varied 
and but partially understood. The adjust- 
ment of organisms to varying salinities 
may in some cases be related to toxicity 
through the phenomenon of osmosis,^ 
' • 

A Organisms may be grouped with/reference 
to their ability to endure salinity changes- 
•(Figure 1), * \ 




Figure 1 



DISTKIBUflON OF ORGANISMS *s 
. IN AN> ESTUARY 



a Euryhaline, freshwater 

b Indigenous, estuarine, (mesohaline) 

c Euryhaline, marirfe 

Stenohaline organisms cap endure 
relatively little variation in salinity. 

Euryhaline organisms can endure 
considerable variation in salinity. 

* * A ... 

Freshwater organisms having a body \ 
containing fluid df.a.higher ospotic 
pressure* than that of the surrounding 
media must constantly resist the 
tendency of that media to penetrate 
and dilute their Jbody fluids. 
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Marine organisms having a body con- 
taining fluid closely resembling the 
surrounding media, is either in 
osmotic equilibrium with his surround- 
ings, or may even have to take in extra 
water to prevent dehydration. 



Osmotic differences associated with . 
the salinity gradient may play a signi- 
ficant role in determining the toxicity m 
^f-a^giv^en^waste^at cfi^erenV parts of-y 
an estuary. Detergent, for example, 
has been found to be more toxic in 
marine Waters than in freshwater. .» 



B Outfalls discharging 4pxic was tfes may 
often be recognized by Completely denuded 
environs. 

P Toxic wastes are sometimes eliminated 
from the water by complexing on suspended 
material. When this material ^deposited, 
the toxicants may be removed from the 
waters, but they are deposited in the . 
substrate. ' Such a situation may often be 
recognized by a pauperate bottpm infauna. % 
or epifauna, while the overlying water 
shows no biological effect. Gradual 
recovery of the bottom fauna usually takes 
place with increasing distance from, the 
' outfall, prov|ded there are no complicating 
. factors. 




D Pollution dilution by sewage. A situation 
has been observed where the generally 
toxic waters- of an estuary are diluted by 
the outfall of a domestic sewage treatment 
plant to such an extent that a limited fauna i 
is able to survive i^>the' vicinity of the 
sewage outfall. 

V SOMETRACTTCAL CONSIDERATIONS 
OF MARINE AND ESTU ARINE , WASTE 

^DISPOSAL 

■ 

A Due to the lesser specific gravity of 
sewage, it his at strong tendency to 
channel its ^ay to the surface of salt 
water, jpith relatively little mining en-i . 
route unless very well, diffused at the 
point of discharge. - On the surface it is 
susceptible (chyind drift. # - If j|hisl^cm't'o 



a bathing beach from an offshore outfall, 
1 sanitary conditions may quickly become 
intolerable. 

B Of major significance is. the absence of 
a continuous unidirectional current to 
rfemove material from the outfall and 
'^immediately begin mixing-arid dilution. 
' This is of course likewise true of lakes. 



-1- Oceanic- surface-currents- may-be - - — 
strongly wind influenced, or associated 
with tidal cycles. 

12 Currents urbays and estuaries are at 
best tidal. Use. is sometimes ihade of 
this by constructing temporary holding 
- basins and then dumping only on 
selected phases of the tidal cycle. 



3 Estuarine circulation patterak are 



affected by several factor 

a Tides impart an "in an 

to the water (as mentione 
. -where). 




motion 



else- 



b Jtafip wing freshwater imparts an . 
**out motion. 11 The resultant of 
these two is known as .the "net tidal 
drift/ 1 

c .Typically, crpss"isectional areas 
increase as the sea is approached. 
This reduces the net tidal4rift. 

d The denser sea water- tends to flow^ 

in underneath the lighter freshwater 

in the mixing process. 
* . * 

e The coriolis effect pulls moving- 
bodies to the right (in the. northern 
hemisphere). Although this is * 
insignificant in most river situations, 
it re'suLts in generally l6wer salini.- „ 
ties along the right hknd (facing .the. 
ocean) shores of estuariesrwhicti 
are not- too irregular in j3hape; as .. . 
the riyer water movfes down, and* . 
higher ^Unities along, the left hand 
shores as the sea^ water. moves, in. ' 
„ * This can be seenun such situations. " 

* - as the Chesapeake Bay.in-Maryland, 
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f Irregularities of bottom and shore 
, - and wirfd action all combine to % 

fcbmplicate and confuse the results ; 
of these forces. * > 

0 

4 s Careful study of ..local hydro graphic 
circulation will sometimes reveal 

' .other ways in which these.phenomena [ 
can be, put to advantage. 

The physical difficulty of constructing 
offshore oceanic outfalls which will 
withstand the rigors' of the storm, ice, 
and shifting sand renders this an extremely 
expensive undertaking. * ^ 
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WATER* TEMPERATURE AND WATER QUALITY 



RODUCTION 



Temperature is the basic variable in water 
"climates". 

_r^ITei^^tibe, T ^ 

Jmergy present, 1 is originally of solar 
or cosmic origin. Biolqgicai processes 
.acting ovf r^eologic time temporarily 
capture and store much energy in 
. organic svbstance. The "fossil fuels" 
(oil, gas, and coal) which we burn 
today releade solar energy captured 
in the geologic past, which but for man 
might not have been released until 

* sometime in the geologic future. Most 
of the solar energy being capttirfed 
.today, is released probably today, 
with the possible exception,of some 
unrecdfenized fraction which is pro- 

- 'ceeding into long term storage. . V 

Thfe release of atomic- energy is of. 

* inorganic or cosmic origin, and the • 
magnitude and s'igijiffcance of the 
.a,dditio£al thermdl 'discharge to the 

environment has yet tq be accessed. 

1 # 6ne lapt observation is important 
before turning to the details of water t 
temperaturp and water quality. "While 
.we.are most critically pccupied with 
the .immediate or local impact of a * 
concentration of thermal energy* released 
git a given point in the. CTvironment ' ' x 
" (the ^excess or "waste" which man is unable 
: t6 capture and entrain in his^electric 
transmission lines)* it should be 
remembered that of every ton of coal 
or pound of .uranium burned as fuel, 
nearly lOO^of the .energy contained 41 ' 
eventually finds it£ way into the general 
. global environment. A small 
remaining fraction irf'r'eboun&as 
chemical energy in some "product. " 



2 Direct solar radiation is the overriding 
contributor of. thermal energy *to allj 
lands and waters. 

a Totsd-energy from insolation-ontjf — 
1 „ "spacecraj^ea^"4s^uhter^ 
balanced by the radiation of 
terrestrial energy interspace. 
If the two do not exactfy'balanfce 
on an annual basis, the overall 
' temperature (climate) of the earth • . 
will rise or fall. 

-• - • -r 

b The annual climate^ tir heat budget 
of a" given beefy of water is. deter- • 
mined by its geographic location 
(latitude elevation, etc. ) interacting 
( with local meteorolpgical conditions, 
and other factors. — 

c There is, "therefor^, a natural or 
normal temperature regimen for ♦ 
any given body of .water to which 
. it will fend to return'if disturbed 
„ by man. - % 

• *■ * - 

d There is, also/ a^norn^lpr 
characteristic communit^pf 
aquatic organisms that will tend 
to persist. When the heat budget 
• Jor climate of a body of water is 
changed, the fauna and flora change. 

3 There is great diversity of opinion, 
even among knowledgeable people, as 
tq the effects of thermal changes in 
waters. Some of the reasons for this 
^follow: . * 

a /Only a continuously maintained 
temperature of 100° C cou!4 keep 
a surface \yater mass'sx^rilb* 
* * ' The question is therefore not: life or 
no-life; but rattier: what kind qf 
Jife is the objective? . . * 
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b Aquatic life has received n>6re 
attention than other water uses 
because the aquatic organisms 
cannot escape the water conditions, 

' ' j. 

c There are certain circumstances in 
which a modest rise in temperature 
might be considered to be beneficial 

— as for- example:- keeping an area of 
-a^river-or^a-harbor f re e of ice for- — 




^navigation, or winter fishing; ". 
There has, also, been investigation 
^ of the use of warmed waters for > 
' certain aspects of aquatfulture, 

d It is< therefore, important in 
discussing the virtues and -vices 
of thermal changes to clearly _ 
define or specify ths objective or 

. type of aquatic community in mind. 
\ 

4 JX is clear ^Kat the n^ed for more and 
more power wiiL continue into- the ^ 
foreseeable future OTable' 1). * • 

B Human activities which jnay modify 
receiving water temperatures include * 
the following: 

I , • 

1 Logging axgl other land stripping 
"activities, which increase the rate of 
surface run-off arid hence raise or 
lower temperatures of influent waters', 
• depending on the season.- v 



' 2 Removal of stream bank shade 

3 Erosion which fills in stream bed and . 
causes water to bedspread in broad^ \ 
shallow layer, exposed to sun and air: 4 

4 Release of cold waters from hypolimnion 
of deep reservoirs. \ 

5 Withholding or augmenting flow by dam 
manipulation. 

6 Releas45.pt restively large Volumes of 
high temperature wastewaters' from 
power production and/ or industrial 
processes. . 



THERMAL ELECTRIC POWER 
PRODUCTION AS A STREAM WARMING 
ELEMENT 

Production oFelectric power by stream «■ 
plants involves the wastage of considerable 
quantities of energy in cooling waters. . 
Approximately 5000 BTU of heat are~ 
wasted for each kilowatt of-electricity 
, generated.- -This_representsan efficiency . 
of roughly 40%. 



B It is estimate3 that approximately 80% 
> of all energy required in the # future will 
come from steam ^generating plants. 7 

C Weirs and jetties help greatly in "the- ' ^ 
dispersal of warmed waters, bjitnnust' . 
b$ carefully designed to each' situation, 

r \ ' * * 

p As ^a4er temperature -rises, ita value as 

a coolant diminishes. 

- 

E Heat dissipatiori-from a tfody of water 

whieti lias been heated above its equilibrium 
temperature^with the meteorological con- 
ditions follows Jtfewton's Law of Cooling 
which states that the rate ofcooling is 
proportional to the difference between 
the temperature of the body of water, 

% and the equilibrium temperature for the 
* given meteorological conditions. ' For 
.esqample, an analysis of the Ohio River 
as at Cincinnati has shown that it would 
require over 200 jnile^ to dissipate 
99 + % of heat added (Figure 1), 



m EFFECTS OF HEAT ON ORGANIC 
WASTE DISPOSAL* 

A Higher temperatures accelerate the rate 
^ of bacterial growth, the optimum tem- 
perature being in the range of 30° C v 
^860F,). r ' 

1 As water temperatures approach this 
'value, the rate of BOD thus approaches 
a maximum. 



4 *" 



I 

- # 

I 

r 

I 



I 
I 
I 
I 
I 

t 

I 

I 

I 

I 
I 

v " '. 

I 



Water Temperature and Water Quality 



• r ."Stable r- ; 

* * * . • * • 

*\. MA30MUM TEMPERATURES FROBABLY'COMPATIBLE WITH THE WELL-BEING 
! . OF VARIOUS SPE<3E£.OF PlSH AlgD THEIR ASSOCIATED BIOTA IN °C 

-» ■ / f j> * / : : — i . 

, . ^ ' J *' m -"^-"— j Taxa 



Temperature 
34 C 



/ 



'» 32 C 
^29 C 
27 C 

24 C 
19 C 

12 C 

9 .O 



Growth of catfishj gar, white op yellow 
; ;bass; spotted bass, .buffalo, carpsucker, 
" ~~~ threadfin shad; gizzard sfiad ^ * — ^ 

Growth of largemouth bass, drum, bluegill/ 

crappie * 

Growth of pike, perch, walleye, smallmouth 
bass, sauger, California killifish, topsmelt 

Spawning and egg development of catfish, ■ , 
buffalo, threadfin shad, gizzard shad, 
California grunion, opaleye, northern 
swellfish 

Spawning and egg development of large" 
mputhed bass, white and yellow bass, spotted 
bass, sea lamprey, alewife* striped bass x 

Growth or migration routes of salmohoids 
and for egg development of perch, small" 
K mouth bass, winter flower, herring 

'Spawning and egg development of salmon 
and trojut (othejj than lake trout) 

Spawning and egg development of* lake trout, 
walleye, northern pike, sauger, ♦and~Atlantic 
salmon 



2 If the waste assimilative capacity, of 
a stream is being utilized based on a 
given stream temperature, and the 
{ temperature subsequently raised, the 
w DO may drop' so low ars to produce fish - 

irfTifl arid other nuisance conditions, 

• •■■ * - 

B Higher water temperatures may, also. ' 

• -lead to-a tiigher concentration of bacteria 

* pathogehic to man. 

.IV EFFECTS OF HEAT ON FISH ^ND OTHER 
AQUATIC LIFE ' ^ 

A Vulnerability of fish and. other aquatic "life 
- "tp high temperatures represents a major * 
restriction on^the discharge of coqling 
water. _ * ' 



r 



f Involv.es_ duration of exposure as well 
% as absolute thermal level* 

* « 

2 * Sensitivity to toxic substances is 
increased. - - - „ ' 

3- Lower temperatures' aije reqtiired in * 

winter, than-in summer. 
» 

B Factors contributing to the sensitivity 
of -fish to heat^ » * * 

$ 1 Oxygen solubility diminishes as. 
. ^.temperature ri#es (Figure 2). t , 

2 Oxygen requirements of aquatic life 
increase as # temperature- rises 
(Figure 3).' 



•90 



8-3 



Water Temperature and Water Quality 



o 
pa 



\ - 



; ERJC 



0.1 



0.4 - 



x 0.2*- 







1 




1 


•1 


I 1 


* 




>, • 




- 


•- 


















* 


• 






t 


9 ^^^^ 




A00ITI0N 
OF 
HEAT 


« 

1 • 


ft 




■ 1 


• 


MARW.AN0 
DAM ~ 

— JL— 1 



•10 



* to 



20 



30 



40 



50 



MILES FROM POINT OF DISCHARGE 

TEMPERATURE DROP THROUGH MARK LAND P< 
OHIO RIVER 9 ^ 

Figure 




70 




I"' 



9 MO II 12 13 
DISSOLVED OXYGEN p.p.m. 



14 



/ 



OXYGEN SOOJBIL1TY AT SELECTED SALINITIES ' « 
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THE RELATION OF TEMPERATURE TO ACTIVE AND STANDARD 
v METABOLISM IN YOUNG GOLDFISH OF AN AVERAGE WEIGHT OF 
2 GM. From Fry. an#Hart ( ^948) ' 

i • r \ : Figure 3 r 



. 8-5 



3 The sensitivity of aquatic organisms 
to temperature levels and*changes # / , 



***** 



varies with age, size, and size 

a • A constant elevated temperature 
reduces the potential of fish to " ^ 
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<* 


e 4)/ 

• - — >, 


4 

• r^ > - 


















w 


D 






* 




i » 




*• 


























*0 













EFFECTS OF CONSTANT TEMPERATURE 
ON REPRODUCTION OF A MINNOW ( < 

(Pirtiyphalea promelas) , 

' figure 4 

«. 

) Different spefcies have different * 
preferred temperature ranges. . < 

: Sfea'sonal^cooler temperatures are 
often e£se*ntiar to egg production 
and hatching,* while warmer summer 
temperatures will promote;faster 
growth after hatching, up to some, . 
limit of toleranpe characteristic of 
the species, . 



6 Ac clim atization to higher temperatures 
is faster than to lower," FIs 
mated' to warm water are rapidly 
killed when they swinrinto cold water. 
This, implies that the sudden shutdown t 
of a thermal discharge maybe more 
detrimental than a 'continuous nortnal 
discharge. m 6 

1 Reduction in DO, increase in CO^, or ' 
the presence of toxic materials 
1 reduces maximum tolerable tempera* - 
tures,, 

/ 

8 Species, qan be eliminated at less than 

3ethal temperatures by predatorsr: r ~ 

parasites, or diseases v^hich are less 

, temperature-Sensitive. 

9 Some fish dd not seem to be able to 

, avoid killing hot waters, while others 

. + 

10 Preferred temperature ranges in 
laboratory, tests generally are some- 
what higher than in field observations 
(Figure 8)* This may be influenced 
by the demands of the natural environ- 
ment for greater activity and hence a ■ 
need for more oxygen (Figure^2, Table 1 

11 ^Temperature can act as a directive 

# force in fish migration, * 

./ - 

12 \The exact physiological mechanisms * 

# of heat kill are not'fully understood. 



Lethal high temperatures* as deter- 
mined in laboratory tests vary widely 
for different species, e.g., goldfish; 
107,60 F, pink salmoW 75<>F. 

a"' Lethal temperatures differ at 
. different times of the year/ as well 
as for the different life history 
. stages ^Figure 5). f 

b This is analogpus to a temperature 
^ ' of 50^ F foreman: in winter it feels 
'* "warm,* , ,r in summer it is "cool, 11 - 



5 ' Sudden changes in water temperature 
can be fatal tg certain organisms, *bdt1fi 
fish and fish food organisms. 



Fats rather than proteins seem to be * 
' the most .critical substance, 

a *^Some fislfwill die at temperatures . 

of 650 F, lower than t^al at which 
* prqfeinsjisually coagulate. * . . 

* * i • ' * 

'* V .Trdpical (or.heaf-adapted) plants 

* and animals often have^ fats wi\h a * 

higher, melting.point tftan arctic 

, (or cold-adapted) organisms/ * \ 

' / < V; V • / 

. c Animals (such as^goWftgWTfed high 
— ~* meeting point fats '(e.g. beef) develop 
*. higher melting.point bod^ats tharf^* * 
. m those fed on low - meltihg fats'* ^ * „ 
(suc^tas fish.oilJ, JThey are^n turn* 
-able to tolerate higher temperatures. 
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THERMAL TOLERANCE pF CRITICAL LIFE fflSTORY STAGES. " 
9 \ » J' Figure 5 * 



d Lethal temperature^seem to^destroy* 
jf^tTcalcium relationships. . 



jC Effects of Temper^re oh"T4sh^Foo4 
* Organisms • . • 



1 . Specie* compoSi&trknd abundance are ^ 
„ affected in*wslys similar to Hie fishes 

as outlined above.. % 

— • * * 

2 W4rrii waters encourage blue "green 
algae, 'Some can tolerate as bi^n as 
1850 F for limited periods (Figure 7). 

. -mr . ^ * * . . • 

3 A- temperature increase of 80 C - * • 
stimulated photpsynihpsis ihjphyto- , ' 

-***^p^^ in one s^ries^'of olJsir^ations^ /y 
when ambient w^ter^fenipefraliires were \ 
' . % 160 Q or coble£ bttt'inhibitgd photo- * 

Synthesis when natural waters were ■ * 
*20o jC pr wattnert The existence of a 
n ^ , cflurnal response to th , eVmal*stimulatibh '„ 
r was noted at 9:00*A.M, ' 



4 Warmed waters speed-up life cycles 
and encourage year round emergence 
6f*aquatic insects,, often creating 
local nuisance conditions .JT 



V MARINE, ESTUARINE, AND ANADRO- 
v MOUSJSPECIES ' i 



A The general principles of bibtic* responses 
to thermal conditions outlined above apply 
as well to saft. water* forms ae'to <fresh° 

# * z 

B Salmon do not'fQed duHng the 'spawning ' \ 
migration", hence higher 'temperatures 
ifta# So increase theif^mietabdlic demkhds 
* *as to deplete their fopd^re^sefrvc^p before 
^spawning-caai 09cur.. A tixermal^block at\ } r 
. the. mouth of a fiver (e„g. 21. l^C atthe 
• mouth ^qf the Okawpgan ftiyer in Washington) 
can prevent an entire jspawning^rtln; 
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E , The distribution of many benthiQ \ 
^ . invertebrate'organisnqj? is temperature 
^ .dependent (Seie Rafale 2).* 



"ENVIRONMENTAL TEMPERATURE RANGES^ - 
OF SOME MARINE INVERTEBRATES X" 

* Table 2 *\*Y • 
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Ta^a 



"Temperature Irahge fiifyC 



66* 



temper At uR? ; cn 



104* 



American Oyster 


' 4~-*34 . 




European Oyster 


" ; 0 1 20 
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Opossum Shrimp- 


0 -'31 





EFFECT OF TEMPERATURE DN TYPES 
' ' 'OF^UYTOP LANKT6N 

. * • ; Figure^. * „ 

' f .'• .y. ' 



9 



.1 * The American-Oyster CraSSpstrea 
T ^ Virgin! ca may . SToawn. depending on it£ , 
condition, - at temperatures from -15 
t £q 3^o C/^pawiijpg*being trj^jgered fyf / 
a rifee.in temperature^ W 9 t 



F Observations* in Miami,' 3?lorid£ v indicate 
1 that 'the following groups of larger* plants 
• ,may show temporary or perfnanent 
changes following thermal discharge? 

1 The sed grass Thalae^ia, T an important 
habitatfor inyertebr^ttes anb! stabilizes 

. ..^ of the substrate,. * ^ , / ^ ^ p ;\ 

2 Certaii^m,acrQ-arlg£le * ' * a 




* . «v t Lurengia, Fucus , LaTT^jjarla , * ^ 
* • ^ Microcystis, • Halirne<& , ari4*-\ % • • 
A tfjs tabular ia ) /*v * * ^ • o r , « *• 



* " C Fish^ the eshiarin^ environment ar'd more; 

* % susceptible to temperatur^cfert'ges. than. 
t ^' Jthosd in fresh wateK However, wicler 

* ranges ol tblerance between species' exist. 

D J^bst shellfish {in the^broad sense: • * 
xho^Llqsfca and crustaceans) are"-#elati^ly 
or highly stenothermal (iinadaptable to 
rapid temperature changes)* Some are^ ; . 
stenothermal for one.stage f (e,g.*spaWning),, 
axid eury "thermal for others (e. gl grdWirig). 

j * Preliminary observation, also, indicates - 

* .that hea;t stress may stimulate Qysters to 
. ^accumiUat^ copper {as Qtber- stressful § 

factors* kre known to da) r wifiiout Belng,a ' 
direct ^ killing ageril ;^ t t ^ . . 



pl^to||lankt6n (s^e -Figure 7);, «j / 

4 Jffie ^piphyiffc micro-^algae * " * 

\ . . * ^ ^ : . • « . "* * ' 

• 5 .The benthic micro-klg&e r * 

V G The upper* limits of thqrtnaitoleraivce for * 
v " x " twg sp^cieaof copepods from Chesapeake* ' ^ ^ 

Bay Were iound to^be he'ar the,' normal ' 
temperature of the habitat during the .<* 
. \ summer. The addition of cfelorine-tQ the/ 

- cooling water killed all copepods^passin&i/. '« , . I 
k tffr<^igh the system at temperature^ beloW i ; 
the upper liix^its of thermial tolerance. * * 

,Dry weight of total estuarine epifaivia. * 
•production averaged 2 . 8 times greate^* *• ** 
\ "in the discharge r cailal than in the intake/. ^ 
«; " area over a 5: year peripd fii another* study.. 



" 9 



f 

jERjC -.k 



sc" 9- 



5 - 



9,6 



•?**. 



* • ; ,*- V ' 



- V:* 



VI SUMMARY 

The various environmental factors^, cannot be," 
considered as isolated entities, organisms 
'^respond to the entire .environment. Tem- 
perature criteria thus must be based on the 
requirements of the entire aquatic population, 
and on the life history, requirements for 
different seasons of the year. 
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Miotic effects of souds 



I Sedimentation of ITvers, lakes, estuaries 
and adjacent coastal water should be con- 
sidered as a special case of pollution 
resulting from deforestation, overgrazing 
and faulty agricultural practices, road 



construct: 
abuses. 



.pn, %nd all other land management 



Good farming practices can do a great 
a de'al to prevent silt froj«$i reaching streams 
^an<|lakeflj^ i 

B Road building and housing, development 
projects, placer mining, strip mining, 
coal and gravel washing, and unprotected 
road cuts are importantrsources of 
turbidity that can be reduced with planning, 

* good housekeeping, and regulation. 



II Setteable solids include both inorganic and 
organic materials which may settle out 
rapidly, forming bottom deposits of both 8 
inorganic and organic solids.^ 

A They?may adversely^ affect fisheries by * 
covering the! bottom of the stream or lake 
' with* a blanket of majt^rial th&t destroys 
r-^— the bottom fauna or the f spawning grounds 
of fish (Figure 1 from Ingram, et al). 




B The organic fraction includ^such 

setteable materials as greases, oils, * 
tars, animal and Vegetable fats, feed 
lot wastes, paper mill fibers/ synthetic } 
plastic fibers, sawdust, hair, greases 
from tanneries, and various settleable 
materials from city sewers. Deposits 
containing organic materials ms^y deplete 

_ bottom oxygen supplies and produce y 

hydrogen sulfide, carbon dioxide, methane, * 

or other noxious gases, ' * * ■ 

u i 

) 

C The inorganic components ^include sand, 
silt,, and clay originating from such 
sources as erosion, placer mining, mine 
tailing wastes,- strip mining, gravel . 
washing, dusts from coal washer ies, 
, loose soils frjpm freshly plowed farm 
lands, highway, and building projects . \ 

D Som e. settle able sdlids may cause damage 
by mechanical action, 

E The biota of streams i^ limited by the 
typepf substrate* • * 

1 A depositing substrate generally 
pontains fewer types and may be 
dominated by burrowing forms. 

s 

2 An eroding substrate has a charac- 
teristic fauna* of sessile attached and 

foraging members, such as bryozoans, 
stoneflies, nonburrowing mayflies, 
and net -spinning caddis flies, 

3 The addition- of solids over an 
originally eroding riffle substrate 
will produce pronounced changes in 
theloiological community all the way from 
diatoms to fish. The following are common 
macroinvertebrates*of this new "trickling 
filter" commifnity in contrast to E 2 above, 

V 

a Oligochaetes r ' ~« 

^Alderfly larvece (Stalls) 

c Midge larvae (Chironomids) 
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>^IIL A Turbidity, color, and transparency are 
closely interrelated phenomena in water. 
They must be observed simultaneously 
because transparency is a functipn of tur- v 

• bidity, water color, and spectral quality »of 
transmitted light. 

» 

A Turbidity is an expression of the optical 
property of a v sample of'wateir which 
causes light to be scattered and absorbed 
rather than transmitted in straight lines , 
through the sample.' 

B - Turbidity is caused by the presence of 
suspended matter such as clay, ^silt, 
finely divided organic matter; bacteria, 
plankton, and other microscopic 
organisms, r 

* 1 Algae, turbidity troA silts and cislys* 
and color* of '.the wafer all .affect one n 
environmental factor of major imporr 
tance in the* productivity of aquatic v . 

* wildlife habitat— light penetration of the 

water. 

a Excessive turbidity reduces light 
penetration in the water and, there - 
. Jpre, rechices photosynthesis by 

^phytoplanktbn organises, attached 

algae, and submersed vegetation. 

b The result^ of many of man's 
' activities, Including agriculture, 
industry, navigation, channelization, 
1 dredging, land modification, and 

eiitrophication from sewage or 
fertilizers; often redu r ce'Ught trans- 
mission to the degree that aquatic 

* t' angio sperms of value to wildlife 

cannot grow. v 

, ,c Mixed effluents from various 
~ mm ' - industrial plants and domestic 
% sewage .increase the turbidity of 

receivingwater. It is difficult to ^ 
distinguish between the effect of 
• 'the attenuation of light due to sus- 
^ * pended particles and the direct 
\' ./ * effect of the particles in* suspension 
on the growth physiology, pf aquatic 
• organisms.'^ 



In many •coastal waters, the principal 
cause of turbidity is the discharge of 
silt carried out by the principal riVers. 
Secchi disc readings show that the 
transparency Qf water at the mouths 
of large risers -during flopd stage may 
be reduced to a few centimeters. At 
normal river stages, the disc may be" 
visible at several meters below the 
surface. . . , 

Dredging/of bays and tidal rivers for 
impr&vement pf navigation occasionally 
presents/ serious problems. Benthic 
communities in the area near dredging 
operations may be destroyed or 
damaged by spoil deposition, increase 
ifx water turbidity, release of toxic 
-substances accumulated in the mud 
of the polluted areas, and by changing ( 
the pattern^in the dredged area. 



IV PHYSICAL DAMAGES F£QM^ J- 

. SILTATION ' * 

A Silt and sediment aregpartipidarly 
damaging to gravel and rubble -type 
bottoms.. The sedimeht Jills the' inter- 
stices between gravel and stones, thereby 
Eliminating the spawning grbunds of fish 
And the habitat of many aquatic insects 
and other invertebrate animal^such $s 
mollusks, crayfish, fresh water shrimp, 
etc. ( 

B Accumulation of silt deposits is de- * * 
structive to marine plants, not only t>y 
, the associated turbidity, but byjhe 
creation of a soft, send-Uq^^i^stratiim 
Adequate for anchoring the roots. 
Batck Bay, Virginia and Currituck Sound)* 
North Carplina serve as examples of the* 
» destructive nature of^flilt deposition. 
' Approximately 40 squiare miles of bottom 
are Covered with soft, semi -liquid silts 
. ' up to 5 inches depp; these areas, con- . 
stituting one-fifth of the* total area, . 
produce only i percent of the total aquatic 
- plant production. r 4 




Biotic Effects of Solids 



V SILT' POLLUTION INCLUDES NOT ONLY. 
, PURELY 'PHYSICAL EFFECTS, BUT 
ALSO MAY INCLUDE COMPLEX MATERIAL. 

A Pollfifeiorrto the estuary may be derived • 
from contamination hundreds of miles 
upstream in tiie river basin or it niay be 
of purely local origin. Silt plays a major 
role in the transport of toxicants, especially 
pesticides, ' down to the estuary. 

• * 
* 1 Agricultural j^jemicals are adsorbed 
on silt" particles. Under goor farming 
# practices, as mueh^as 11 tons of silt 
'per acre per year may be washed by 
surface water into a drainage basip. 

r 

2 Surface mining and deforestation further 
accelerate the process of erosion and 
.permit the trarisport of terrestrial j 
chemical^deposits to the marine 
environment,. 

B Oil that settles to tfie bottom of aquatic 

habitats can blanket large areas and 0 
destroy the plants and animals of value 
of waterfowl. 

1 Reportedly, some oil sludges on the - 
— bottoms of aquatic habitats tend to 
concentrate pesticides, thus creating . 
a double hazard to waterfowl that 
would pick, up these contaminants in 
their normal feeding process. ^ s 

- 2 Observattoaa^on storage v of carcinogenic 
. . compounds fouiilikto oil-polliited wat^r 
and on affected fceolments are biolog- 
ically significant, sinfee ti>ey may be 
N concentratecTby comnjj^eially , ' * 
harvested bivalv§ 

C Much of the tonnage of aerially appjied 
Pesticides, fails to rgach the designated 
spray areas and the presence of ^5 fig/1 
of DDT ih r presuma*bly untreated Alaskan 
rivers indicates the magnitude .of this 
' facet of the pollution problem.', 

1 The continuous presence v 6£ 5 ng/1 of " » 
DDT in the marine environment would 
decrease the growth of oyster pojnilations 
by nearly 50 percent; r 4 . *. j 



2 Atmospheric driffis also an important 
factor in the transport of a variety of ■* 
pollutants to the aquatic environment. 

3 Organochloriiie compounds fromTsources 
» oiher than pesticides application^ are 

involved in food web 3 and biological 
magnification in remote polar environ- 
ments. 

< 

'The dat£ on water pollution, however,* are 
less encouraging. Amo ng other things, they * 
indicate that land runoff ffrom farms a^d 
e ven urban land, as opposed to discharge s 
from c i ties and factories, has a much greater 
impact on water pollution than we realized . , 
In all types of river bas tos, the concentration 
o frnutrieiits, whi ch can eutrophy our lake s, , 
is increasing. These data indicate that while 
vrp carry on our major efforts to clean up 
pollution from municipaliajid industrial ' , 
sources, we must increasingly turn our 
attention to lajid runoff- of nutrients, fertil- 
izers, pesticides, organic materials* and 
the soil particles thafoften transport the 
others. ; If we fail to do so, our expenditures 
for water quality will not acfiieve maximum / 
improvement. 11 Council on Environmental 
Quality. m ~ < 

/ 
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^F^CTS OF POLLUTION ON FISJf 



I INTRODUCTION 

A By what means do pollutants e$ert their 
effects? j " • 

B what is the relationship between water 
quality and" water use-ky-fishes^ 

C . What is the reaction of fishes -to domestic 
Sewage? 

D Is there any noticeable change in species 
composition of the population following 
pollution? '* 

E Is there any genetic or environmental 
selection in favor of pollution resistant 
strains? 

F Nearly any pollutant, given sufficient - 
concentration and time, can kill as a. 
direct toxicant. We are primarily con- 
cerned here with sub- lethal or chronic 
levels of pollutants. (Acute toxic levels # 

' and physiological mechanisms are 
treated elsewhere.,) 



H MECHANISMS OF DETRIMENTAL ACTK)N 
A Inert silt may • 

1 Clog gills and smother eggs and fry, 

2 Blind sight feeders and eliminate 
hiding. places,. 

3 - Smother food organisms/ 

. 4* Reduce oxygenation by smothering • 
algae. v 



B Irritants may" 

1 Act as°rep6llerits, 



? . 



.2- Cause excessive mucou%>secreiion,and 
.: upset osmotic balanbe. * * 

C Sub-lethal quantities of a host of environ- 
mental materials, are constantly penetrating 



the bodies of fishe§ by various routes. 
We are-generalty not aware of their 
i presence unless*.they: 

1 Cause ^n observable effect on the fish, 

2 Cause an effect on man by imparting 
off-taste 'or* odor to fish flesh, * 

3 .Are sought for and detected, e.g.; 

radioactive substances, DDT, .mercury. 

We can only speculate as to their 
undetected effects, 

IE ENVIRONMENTAL RELATIONSHIPS 

BETWEEN WATER QUALITY AND W£TER 
USE BY FISHES J. 

A Freshwater fishes sometimes spend their 
' entire lives in a single .body of water. 
Pollution of that body of water therefore 
impinges on them at every stage of thei,r 
life <5ycle, and at every point in their * 
yarious ecological relationships; such as, 
seeking food or escaping enemies. 

v Migratory fishes on the pther hand feed and 
grow up in one body of watec (the ocean 
for ana dromojis. specie s, *fresh. water for 
, . the catadronous eels), then travel^migra- 
tion route (usually a riyer) to another Dody 
of water where they breed. ^ 

Pollutipn at either end of the route, or a * 
pollution block along the migration route, 
may eliminate the, species/ * - ' y 

C What will affect one species adversely may 
bfc favorable for andther. 

V - . 

* 1 1 Cold water species, such as. various 
trouts, might be' killed or eliminated by 
warmed water from a power plant which 
would' in turn.permit the survival of warm 

water species, such as cexrtain basses, * ' 

„ sunfishes, etc' • *\ 
* l ' 

•2 Benthic species- (such as catfish, sculpins, 
oj? suckers, whioji live near the bottom) 
might be eliminated by a smothering 
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blanket of inert material which would 
not .affect limristic species inhabiting 
the open water aresLs (such as white • 
and yellow bass, gizzkrd shad, or 
walleye) • The limnetic specie a on the 

' other *and might be inhibited by a dense 
turbidity which woulti.hide their prey, 

. suppress the growth of nutritious plank- 
ton, or clog thfetr gills; this in turn 

: being relatively harmless to the benthic . 

grOUpT • ' 

\ * 

Likewise the* shoreline hugging littoral 
forms (like pumpkinseed or bluegills) 
and profuhdal species (such as lake 
trout) might respond selectively to such 
factors as temperature or transparency. 

x 



IV RESPONSE OF FISHES TO SEWAGE AND 
SIMILAR WASTES 

A These wastes in general are not toxic in 

themselves, but exert their effects on 
A fishes directly. 

B Oxygen Depletion 

1 # May lead to death at ^various stages in 
life history depending on circumstances; 

2 . May lower resistance to disease or 
increase sensitivity to intoxication. 

3 May reduce ability to capture-food or 
swim against current. ■ 

C May sinother or kill normal food sources* 

D May increase normal fish production 
through eufrophication. 

E. Usually changes normal population balance 
by driving out predatory types and en- 
couraging scavengers* ' • 

' F Reported to cause osteological and other 
pathological manifestations,* such ad^he 
knothead condition of carps in the Illinois 
River. - ' • ' 



.V NATURAL SELECTION AND 

ACCIJfMATlZATION TO POLLUTION 



in 

c 



•2 ' 



A 



Known biological mechanisms for selective 
br6 eding of pollution, resistant strains - 
operate in nature among fishes as among 
other organisms* 

/ 

1 Studies of population genetics indicate 

" that after some finite number of genera-* 
tions of population stress (e.g H ; exposure 
*to a given pollutant), permanent heritable 
. resistance may be expected to develop. ' 
, « 

2 If the environmental stress (or pollutant) 
• is removed prior to the time that. 

permanent resistance rs developed in $ 
the population, reversion to the non- 
resistant condition 'may occur within a, 
relatively few generations. I 

3 Habitats harboring populations under 
Stress in this manner are often marked 
with {he dead bodies of the unsuccessful 

' individuals. 



B. Individual organisms on the .other hand can % . 
"over a period of time (less than one'life 
cycle) develops limited ability to tdlerate 
different conditions, e.g.; pollutants; . 

1 With reference to all categories of ■ 

' pollutants,both relatively facultative 
and obligate species are encountered 
(e.g. ; euryhaline vs. stenohaline, \ \. I 
eurythermal vs. Stenothermal)." 

2 This temporary somatic acclimatization 
is not heritable. * 

C A given stogie-species collection or sample 
of living fishes may.therefore represent 
one or more-types of pollution resistance 

1 A sample of an original population which , 
- . has been acclimated to a Lgiven ^tress in • 

toto. \' 4 / v mmm ' 

2 A sample of the surviving portion of . 
an original population;' which has been . 

r _ "selected" by the ability tp. endure the 
-stress. The dead fish in a partial fish 
" kill are that portion of the original 
population unable to eihdOre the stresp. 
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3 A sample of a sub- population of the 
original species in question which has~I 
V in to to over a period of several genera- 
tions"developed a heritable stress 
pesistance. 

D J^ny given multi- species field collection 
r will normally contain species. illustrative 
of one or more of the. conditions outlined « 
above* 



VI^POPULATIOJtf COMPOSITION RESPONSES 
\ TO POLLUTION ' 

A Sewage pollution generally results in a 
reduction in the predatory types and iheix 
replacement by scavengers. Regions of 
severe oxygen depletion may be devoid of 
fish, or inhabited only by rough fish such 
as gar or carp. The general concept of a 

* reduction of variety coupled with an in- 
crease in abundance in certain regions is' 
as yjalid for fishes as for other groups. 



_ ,^__ation responses to toxic pollution are 
unpredictable except that reduction in 
variety is again alrripst sure to result. 



REFERENCES: 

1 

1, California, State of. Water Quality 

Criteria, 2nd ed. Resources Agency 
of California, State Water Quality Con- 
trol Board Publication No. 3-A. 1963. 

2 Forbes, S.A. , and Richardson, .R.E. Some 

Recent Changes in Illinois River Biology. 
Bull. 111. Nat. Hist. Sur.> 13(6) 1919. 

3 Jones, J„R. Erichsen. Fish and River 

Pollution. Butterworth r s London, 
pp. 203. (1964) 



4 Katz, Max* and Gaufin, A.R. The Effects 

of Sewage Pollution on the Fish Popula- 
tion of a Midwestern Stream. Midwestern 
Stream. Trans. Am, Fish. Soc. 82:156- 
165. 1952. 

5 Moore, Emmeline. Stream PoJLlution and 
^. Its Effects on Fish Life. Sewage Works . 

Journal. 4:159. 1932. 

6* Naegele, John. A. Head, liept. of Environ- 
mental Sciences, Univ. of Mass.-, • ~ 
Waltham Field Station, Waltham, Mass. - 
Personal Communication. 1965. 

7 Trautman, M.B. The General Effects of 

Pollution in Ohio Fish Life. Trans. Am. 
tfish. Soc. 63:69-72. 1933. \ 




8 Mills, Harlow B. ; Starrett, Wi^m C. j 
and Bellr'ose, Frank C. Man's Effect 
onihe- Fish and Wil dlifg_ofthe Illinois 
River. 111. Nat.* Hist. Surv.~ 
.Notes No. 57. "54pp. U 



Biol. 




L-Wayren; Charles E 4 Biology and Water 
Pol^itio>n Control. W. B. Sayndera 
Co. 434 pp.- 1971. - 



This outline was prepared by H. W. Jackson/ 
Chief Biologist, National Training Center, ' 
fcPA, Cincinnati; jOH 4526.8. 



CRITICAL PROBLEMS IN SYSTEMATICS 



I PROM MONAD TO MAN 

A. plan's desire to classify has always been 
strong. Consequently this* area received 
the darly attention of philosophers and 
theologians. 

B Classification and taxonomy provided a 
foundation an<J stimulus for biology. 
Some areas of bio logy w ere^irtually ( 
dominated. as systematics became a 
science in its own rights. 

G Definition of terms > 

Systematics: "The scientific study of the 
kinds of diversity of organisms and of any 
and all relationships among them. 11 

** ^ 

Classification : n Tfie ordering of organ- 
isms into groups (or^ sets) on the basis of 
^tfieir relationships; that is, of their C\ 
* associations by contiguity, similarity; 
or both. 11 , 

' ■ Taxonomy: "The theoretical study of 
classification, including its bases, 
principles, procedures, and rules . 11 

Identification: "Ttte use of a Key (or 
-key rfqbstitute, like an expert) to place an 
unknown, organism into a specific taxo- 
. nojnic rank. " 



III 



Historically, concepts in systematics- 
are three-phased. 

1 Alpha - Descriptive 

2 Beta_- Relationships 

3 Gamma - New. Syntheses and Future 
' * Systems 



THE SPECIES PROBLEM 



/ 



A Necessity of identifying species 

Studies of the ecology of any habitat 
require the identification of the " x . 
*• organisms found in it. Ope cannot 
(jome up with definitive evaluations of 
stress on the biota of a system unless 
we can say what species constitute the 
biota. Species vary in their responses 
to the impact of the environment. 

B Solutions to the problem 

1 Evasion 



Treat the ecosystem as a ,? black 
"box 0 — a unit--\yhile ignoring the 
constitution of the system. This 
may produce some broad generalizations 
and will certainly yield more questions.^, 
than answers. * * 




II CHANGING CONCEPTS IN SYSTEMATICS 

, A .The basic^fouhdations were laid by John * 
•Ray in'tlie 17th century. * , 

* B In the 18th century, Linnaeus established * 
the sy stem of natural classification and 
binominal nomenclature in use today, \ 
His system utilizedmuch of Ray f 0 work. 
Basic categories added since Linnaeus 
are the family and phylum ., rfis- Systema 
^ Naturae (10th edl- 1758) is designated as 
, the official beginning ppint for nomenclature. 



Work only, with those -taxonomic 
categories with which one has the 
competence to deal. Describe the 
biotic cjmponeht as a taxocenosls 
limited to one or two numerically 
dominant taxonoxnic categories, 
bearing; in mind that numerically 
taxa which are ignored may be very 
* important to the ecology of the ecosystem-. 

Comprehensive * description * , - 

/ t t 
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Attempt a comprehensive descrip- 
tion 'of the biota. No one can claim 
competence* to deal with more than 
one or two groups. The cooperation 
of experts must be obtained.* The 
Smithsonian Institution hasnsrclear- 
inghouse for this sort of thing. 1 
Lists of expert taxonomists can be- 
obtained (2a, b, c)(3). There will* 
be none for some groups. *Also 
collaboration is time consuming* 



A 



IV PROBLEMS IN SYSTEMATICS 



\ 



v* 



A A critical problem ^classification 
has been the arbitrary assignment of 
characters for definition and sepaffAon 
of characters f6r definition and separa- 
tion of taxa. Specialists in a limited 
taxonomic plant or animal group may 
sharply disagree over which values 
j3hould be employed. 

The subjective nature of this approach 
to systematics bas not always been 0 
recognized, ' 1 ~~ 

B Specialists working with restricted plants 
or animal groups may be uifable tor- ~ 
communicate with specialists in other * 
areas due to terminology used. 

C A's a result of the subjective element, 
* the pendulum -lias T s\vung J5etween>the ' 
"lumpers" and "splitters. " v 

1 Lumpers is a term used loosely 
to describe systematists that 
dfeemphasize minute, variations 
, . in populations of* individuals. The 
* snail species Pleurocera 
c analiculata has upstream and down- 
tz^e^n^ forms (shell types). The 
Iumpers^ijigist that a great number 
of thesj^ forms are only varieties . 
or ecotypes oi a single highly., 
variable species. 



Splitters conversely desbrtye , those 
systematists that' see minor variations"* 
as valid grounds for species separation. 
The splitters would recognize as a 
species each shell type, however'minor. 



SYSTEMATICS AND AQUATIC BIOLOGY _ 

How far 'does the aquatic biologist go in - 
^ystefnatics? 

1 The aquatic biologist may or may not 

• be a systematist or specialist in a 
— 1 limited taxon. 

:2 Some aquatic biologists have $)ecialized 
„ in a particular taxon with good results. 
# 

3 Granted a fine degree of competence 
in one taxon, he will probably havfe 
only limited acquaintance with other 
taxa. 

4 It should be obvious that no one can 
specialize in more than several taxa. 

Fhe" Nqn- Biologist. Should: 

Be acquainted. with the basic biological 
system of natural classification and 
^some basic terminology, * 

* *. • 

2 Realize the limitations of Jboth 
systematics and the aquatic biologist ~* 
handling systematics. 

3 Understand that adequate and usabfe 
taxo^pmic treatment of all plant and * 

/ animal groups proceedsjlt varying ' 
rates. Many groups (example: midges) 
are still in the Alpha phase. . * 

C . Facing Problems with the Systematic 

• Literature | ' ' v_ 

• 1 Identification of aquatic organisms is 

complicated by; ^ 

• * 
a Keys may be available for only one 
of the life, history stages. 
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b Reproductive phases or type of * * 
egg depbsition maybe involved 
4 in correct. identification. 

c Seasonal changes in the organism 

may frustrate identification, 

J m • 

2 The literature is difficult to reprieve, 

H9W important is the correct identifica- 
tion ^o species with an aquatic organism? 
For example: 



C Systematic Relationships are Recognized 

1 Phenetic - based on bverall 
similarities 

■ 2 Cladistic - based <^n common lines 
of descent 

3 Ctyroni'stic * based on time #1 ^elatibn 
* . among evolutionary branches 



1 A test organism in a bioassay 
procedure , v . t * 

2 ' The sludgeworms in a bank of sludge 
below gross organic pollution * 



VLl CONCLUSIONS 

s\A Numerical taxonomy is gaining in 
' J techniques and application. 



Current Problems in Identification, . <^ 
1 Fewer students going into systematics C 



B There will be .new syntheses in the 
field of systematics. 



^ 2 SHie marked reduction in our native 
flora and fauna due to man's activities. 
Many endemic "species 11 and grouper* 
(e'specially molluscs) have been . 
extirpated, 

3 . Trend toward "lumping* in recent v. 
monographs 

4, New syntheses in systematics ' 

5 Numerical tkxonomy . *' 

6 Stereo scanning ax\d conventional/ .* • 
electron^njicroscopy ' / . ",'] 



The applications of computer, classification 
and identification in the field of aquatic 
biology are 4 unlimited. * 
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THE SYSTEM OF BIOLO&CAL CLASSIFICATION 
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I 



I INTRODUCTION 

There are few major j*i^>ups of org&nisms 
that are either exclusivel$\£errestriM or 
generally aquatic. The follo\fri|ig remarks 
apply to both, however, primar^tttenpjon 
will be directed to aquatic types. 



II CLASSIFICATION 

One of the first questions usually posed * 
* about an organisnuseen for the first time 
is:. "what* is it?" usually" meaning, "what is 
its name?" The* naming or* classification of * 
biological organisms is a science in itself, 
(taxonpmy). Some of the .principle© involved 
need to be understood by anyone forking . ^ 
with organisms however. 

A Names are* the "key number", "coder 
designation", or -'file references" which 

^ We must have to find inf ozonation about 
sin unknown organism.^/ ' - * 

B Why are they so lorfgr and why mu'st'tfeey* 
• be in Latin and Greelt?* File references 
in large systems' have* to^bevlSng in order 
to designate the many divisions, and sub- 
divisions; There are over, a million and 
a half° items (or species), includeid$n;the 
system of biological •nomenclature (very 
•few^iibraries have as many j£s a million 
books to -classify). . " 

C .CommQn ricnjiHSiare rarely available for , _ . 
most invertebrates and algae. Exceptions ^ „ 
to this ?tr e common among the molluscs, * % 
many of Y£hich have common qames which „ 
are fairly standard for the same species - 
throughout its rangfc. This may be du'e 
to their status; as a commercial harvest 
Or, to the activities of devoted groups of 
ainateur collectors. Certain Scientific 
societies h&v&£l so assigned "official" 
-tommt^hawi^to particular species; y 
for example^ aquatic weeds -America!} 
Wee4 Society;; figh American Fisheries 

l ; * • I-' ' , 




Society^amphibians (salamanders and 
•frogshrAmerican Society of r , 
Ichthyologists and Herpetologists. 

l The system of biological nomenclature 
is regulated by international congresses. 

•- < • Y 

X* It is based on a system of groups and 
sup'er groups, of which the foundation 
r ^N s ( which actually exists' in nature) is 
Afae species . 

2 'The.talxa (categories) employed are 
as follows; 

V 

The species is the foundation 
(plural: species,) 

• Similar spegies are grouped into 
genera (singular: genus). 

♦ 

Similar 'geftera are grouped into 
; " families . 

■^p^imilar families are grouped into 
; order& . * \ • ■ 

Similar orders are grouped into- » 
classes! V J, *; * * " ^ 

1 — 1 v * * ^ 

% 

Similar classes are grouped into 7 
phyla (phylum). v 

^ Similar phyla are grouped into 
. kingdoms . 

Other categories such as sub-species, 
^variety, strain, -division, tribe, etc. 
are employed in special circumstances. 

1 The scientific name of an organism is its 
generic name plus its species- name— 1 
This is analogous to our system of 
surnames (family names) and given 
names (Christian names)* * ' t 



1 The generic~(genusy name is ..always 
capitalized and. the species name 
written with a small letter. They 
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should also be underlined or*print?ed 
♦ in italics when used in a technical* 
sense. For. example: 

i" 

Homo sapiens -(«sentiens) modern man 

I 

Homo heidelbergensis -*heidelbferg man 

, j» 

Homo neanderthalis - neanderthal man 

* f 
Oncorhynchus gorbusclia - pinkjsalmon 

Oncorhynchus kisutch - coho salmon 

Oncorhynchus tshawytscha - chipook 
salmon ^ 

Common names do not exist for.mo^t 
y of the smaller and less familiar 
organisms.- For example, if we wish 
to refer to members of the genfrs 
Gomphonema (a diatom) we- must 
simply use the geheric name, and: 

♦ . v ' - 

Gomphonema olivaceum 
Gomphonema parvulum 
Gomphonema abbreviatum 



a Examples of the Classification tof « 



threes distinct specieswhich have 
different significances to algologists 
^interpreting water quality. 

* - »' • 

3 m A complete list of the various 

categories to which an organism 

belojngs te known as its "classification". 

For example^the classification of a 

type of diatom and a midge larva or 

"bloodworm" are shown side by side 

below. Their scientific names ar.e 

Gbmphonertia olivaceum and Chironomus 

riparius . 



animal and a plant : ' 



Class 

Order 

Family 

Genus 

Species 



Kingdom Plantae Ani^palia ~~ 

Phylum CJJirysaphyta J Arthropoda 
Bacillariophyceae Inspcta 
Pennales Diptera a 

Gomphonemaceae Chironomida 
Gomphonema • Chironomus 

olivaceum riparius 

♦ »■ * 

These sevej* basic levels of 
organization are. often not enough 
for the complete designation of 
one species among thousands; 
however, and so additional ^ 
echelons of terms are provided* 
by grouping the various categories 
- into "super. . . " gfroUps and sub - , 
dividing ^hem into "sub. . . " groups 
as: 

Superorder, Order, Suborder, etc., 
Still other category names such 
as "tribe", "division"," variety ", 
"racfc", "section^ etc/, are used 
on occasion. 

Additional accuracy is gained by 
. citing the name of the authority . 
who fi^sf described^ Bpecies 
(and the date) immediately * ' 
following the species name, 
"Authors are also often cited for 
generd or other groups. 
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A more complete classification of 
the above midge, foQows; 

Kingdom A riimalia * * 
Superphylum A nnelid 
Phylum A rthropoda^ . 
Class Insecta ^ 
Order JDiptera * 
Suborder Nematocera 
% Family Chironomidae 
Subfaftiily Chironpminae 
Tribe Chironomini 
Genus Chirortomus 
Species riparius Meigen 1804 



e It should be emphasized that since 
all categories above the species" 
level a^e essentially human con- 
cepts, there is often divergence of 
~opinioit in regard to how certajj^ 
"organisms should be grouped,* 
Changes result as knowledge 
growjs^ 



1 " • 



t * 

f The most appropriate or correct 
names too are subject to change. , 
« ^ The species itself, however,, as 
art entity in nature, - is relatively 
timeless and so does not change. 
to man's eye. 

This outline waa prepared by H.W. Jackson, 
Chief Biologist and R.M. Sincl^jLa, Aquatic' 
Biologist, National Training Center, 
Water Programs Operations, EPA, Cincinnati, 
OH 45268. 



THE CYCLING OF .RADIONUCLIDES IN THE AQUATIC ENVIRONMENT 



I INTRODUCTION, 

- I - 

The % desirability of plankton (tiny dispersed 

plants" and animalsTas objects of radio- 
biological investigation arises from a number 
,of points: 

A Their widespread occurrence' in many 
- % • kinds of aquatic habitats. 

B Their ability to take up.ajxd to concentrate 
radionuclides, which may be injected^ 
metabolized, and stored by higher organ- 
isms, including humans. 

C Producing potential health hazards from 
, ionizin^radiations at the higher levels 
.of concentration from radioactiyity. 



as phosphorus metabolism, the element 
may be concentrated considerably out of 
proportion to the available phosphorous 
in the aquatic environment. 

D The concentration factor is the ratio of 
the activity of the wet weight of washed 
algal cells (disintegrations pen minute, 
per gram) to the activity of the aquatic 
solution in which /the organism was * 
lining (disintegrations +pev minute, pier 
milliliter). Pyusing" concentration 
factors, planktpnic algae may be com- 
pared for ability to concentrate 
radionuclides. 



tt PRELIMINARY DEFINITIONS AND 
r CONCEPTS 



A Rfc«iioecolog^of plankton and the food 
chain, they begin requires a knowledge 
of physiology for the metabolic activities 
involved in the uptake of radioactive 
isotopes, as well as certain physical la^s 
< for the passive (dead) uptake of radio 
, nuclides, i.e., diffusion, imbibition. 



ws 



B S&me isotopes may be passively atod 
instantaneously absorbed on the*surface 
of the.cells and are.not taken into the* 

, 'cells. Cells of Carteria remove yttrium 
from the aquatiq environment by 
adsorption oh the surfaoe, while the 
same cells take calcium and a similar 
substance strontium into the cells by 
absorption. These cells cannot, however, 
substitute strontium for calcium in their 
metabolism, because cells without 
calcium do not divide. ' 



E A succession of organisms,*beginning 
with those having photosynthesis v ~ v '' 
(producers), and proceeding to her-' 
bivorous, omnivorous, and carnivorous 
f organisms (cortsuniers), each serving 

as £ sustenance for the next, is called * 
a food chain or cycle % Types* of orga- 
nisms are found at the bottom, middle,, 
and the top of each of these ofeains* ' 

III Phytoplankton (algae) take up and con- 
centrate many kinds of isotopes, both 
stable and radioactive. The amount taken .up 
, of each isotope may vary with the age of the* 
cells, the concentration of the- dissolved 
or ionized isotope, and the pH. A rise in 
temperature may increase the diffusion, 
but could slow-down the metabolism, which 
in turn would tend to decrease the active 
(respiratory) uptake of the isotope. 

>,A Algae are noted for their ability to take 
up and ib*concentrate certain dissolved 
minerals from. great dilutions in their 
environment. 



^it 



C In sbme cases, the concentration ratio 
* * will vary, directly with the corr^entration 
of'the isotope in the water, thi^being.a 
* linear function. In other cases, the 
isotope will' be concentrated only to the 
extent that it is, used. In still oth^r cases, 

BtRAD.6a.4.6& ! ; 



1 Concentration of "essential" minerals 
(macronutrients), i, e. JtG HOPKINS 
CaFeMgNaCl,". 



2 Concentration of trace minerals 
(micronutrients) such as Cu, B, Mn, 
Zn, and Mo. 
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Tfre gjrcling of Radionuclides In the Aquatic Environment 



B 



<3' 

» - 

yd* 



3 Accumulation of nonn^tabblic substances 

. A ■ . 

^Because of their minute 'Sizes^ phytoplanktpn 
present a great deal of •surface for exchange 
with ion'tf and substances in soJutiSn in 
.water* r v„* t . ' t ■* / 

- \ . ' * y. y . 1 ■■ 

1 At times, ajjgae occur in massive 
Quantities* (blooms) , Under these 
contfLtiqns*' they may selectively . 
exhaust (take up) dissolved, substances ' 
(phosj>hat§s, nitrates;.- and cafcbonatesj, ^ 

2 From inorganic siibstances $re & 

. synthesized organic substance^ which • 
become assimilated as protoplasm, or 
nonliving cell walls, etc. 



Because they selectively 'tak£ some 
substances out" of solution, plankton 
have bjeen used to decontaminate a 
w$ter supply of known unwanted 
dissolved substances,, or to, reclaim 
valuable dissolved hiinerals, * 



V 



5 4 Algae frequently concentrate substances* 

1 without any known role to metabolism, 
« * i, e, , cesium, rubidium, iodine^ bromine, 
- strontium, and yttrium, <« 



IV Plants with ph6t'6 synthesis are at .the base 
(beginning) of the food chain for all aquatic 
life. 

" ♦ 

* A In photosynthesis, plankton use radiant 
energy, C0 2 , and ft 2 0 to begin the 
elaboration of many complex organic 
compounds tyhich are present in the web 
of aquatic life (biosphere). Radionuclides 
% tied to these, organic compounds Wy 
accumulate to concentrations dangerous to 
metabolism all along the food chain, de- 
pending on the selective habits of the 
herbivordus and predacious animals. 
A "hot" fish may be radioactive from 
having fed on caddis fly larvae;, which in 
Wrntfed on^'hot'^algae^ The^rel^re_ ' 
* position in the food- pyramid dfetermined 
the ^concentration of the radioisotope? 



B During periods of elaboration of large 
planktonic populations (blooms) peaks of 
radioactivity will occur near the surface 
* with the algae. Consequently, this radio- 
activity may be manifested^ as a surface 

, ♦phenomenon moving dow^t stream; however, 
ih-bodies of water with: little or no current 
, j (lakes, and pondsf; the .radioactivity may 
^e concentrated with the algal blooms, in 
a "stationary position,. 

C On degradations the dead algal cells, 
*<fhe detritus formed from the algae may 
carry sqme of the radioactivity to the * 
bottom iji the forih of silt makirig "hpt" 
conditions for bottom -dwelling organisms. 

D In a flowihg stream, the specific activity 
* will diminish alorig the food c^ainf^ 



V METHODS OF COLLECTING INFORMATION 
ABOUT POSSIBLE RADIOACTIVITY. OF' 
PLANKTON AND THE FOOD CHAINS 
THEY COMMENCE • * 

A Take a sample of plankton from the stream' 
and hxeasure its radioactivity, ■ 

B Control culture the plankton with the 

medium dosed with known concentrations m 
of radioisotopes, sq as to calculate .the 
concentration factors for each radionuclide, , 

C Add plankton -feeding animals to an 
aquarium containing Mt hot !! algae to • 
measure the amount of radioactive uptake 
from" the feeding of the animals on the 
plankton. - 

D Vary pH, temperature, time of exposure, 
age of Culture and cells and note la^ge 
changes in the concentration factor. 



VI SOURCES OF RADIONUCLIDES ^ 

A Naturally Occurring - 

1 In soils, rock, etc. (uranium, radium) 

2 In bidfo— mostly K 



ft* A 




'The Cycling of ftadionufltides in the Aquatic- Environment 



B Nucltear Testiifg 
' 1 Air 

2 Ground 

3 .Water* and> 

4 : Beneath ground 

C Thermonuclear Wars 
D Disposal of Radionuclides' 
1 From power reactors 
rial 



B Sediment * • 

< 

C Biota , •" . 

0 

Vm METHODS OF BIOLOGICAL CYCLING- 
OR RADIONUCLIDES • 

A Uptake and Retention 

' 0 

1 Active (metabolic) 

2 Passive (adsorption) and simple 
diffusion 



Activation of material exposed to.neutron Ix ^ METHODS OF QUALITATING AND- 



flux* Fission products 



2 From widespread tf&e of radioactive 
isotopes in medicine and industry 

3 o Nuclear powered submarines, surface 

ships and aircraft 



4 Burial 



QUANTITATING RADIONUCLIDES FROM 
AQUATIC HABITATS 



X CONCLUSIONS 

• A ' Food Chains " 
« 

B Che ni^al,'' Physical and Biological 
Factors 



In the oceans; in abandoned sale mines/ ^ 

• etc -* in^pace } y c Need far Continuous Monitoring 

' ~ - D Use. of Indicator ^Tissues arid 'Orgaxftaina ~~~ 

VII * RELATIVE DISTRIBUTION OF RADIO- v for Specific Radionuclides in Food'Ch&ins 

' NUCLIDES IN AQUAT^tC ENVIRONMENTS ~ - , 



A Water 



V- 
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TABLE H UPTAKE OF CESIUM, * BY SPECIES OF ALGAE 



■ w- 

• Species \ . , • 

■> » \ • •<» 


ppm 
* * » 

of k 


Days after 
Dosing 


Concentra- 
tion Factors 


Rhenium hieroglyphic urn ^ 


1 


5 


1530 


OedQ^onium vijlgare . \ 


1 


3' • 


? 790 


Spirog^Tfi eillipsospora 


1 


2. 


341 


Spirogy$IL dommuhis 


13* 


5 


220 


Gonium jtectorale 


10 


2 


138 
V 


Oocystis e^iptica 


10 


10 


670 


Chlamydon^onas sp. 


8 


5 


la 

52 


* • 1 


8 


14 


706 


Chlorella pyretibidosa 


8 

• 


li ; 


154 

ft 


Uptake by dead\{formalin-kilied) cells: 




6 


\ 


Chlorella pyrenoidosa 


0.3 


3 


< 96 


Euglena intermedia 


0.3 


3 


. v ■ 1 



o\ • . ■ 
TABLE H t XjSpNCENTRATlON OF CESIUM V IN EUGENA 



^4 



CELLS /ml \ 



AT 40\HRS. 



, CONCENTRATION FACTORS 



BEGINNING 



18 HRS. 



40 HRS. 



96 HRS. » 



144, 000 
86, 000 

,36, pQO 
21,000 
18, 000 
• 1*. 400 



146, IjOifc 
1.13, 80b\ 
60,000 * 
68, 300 
55, 500 
27, 700 



„3.4 
3.4 
4.6 

"r.9 

6.4- 
^5.3 



8.2^ 
41.<3 
' 15. 4 • 
17.0 
19.4 
11.0 



62 
58 
28 
26 
19 
16 
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SEASONAL VARIATIONS IN THE ©ON^E-NTRATION 
OF P32 |N COLUMBIA RIVER PLANKTON-AND* FISH 



Figure 4 
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Cycling dt Radionuclides 
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Fo^bluegill fitigeHl^gaNiive racing two ml of displaced water each were 

fed Dtphnia magna made radioactive by feeding on Euglcna. gracilis t which | . 

was radioactive ~f rota growing In a culture dosed with c eai um - 1 37 . Each • P 
.fish was whole bo<fy gamma counted in a tube containing 2 ml of distilled 
water at 48 -hour, intervals for 20 days, Ttje fish were fed nonradioactive ' 
Da^hnia every 72 hours, * ^ * " % 
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'FIGURE 5 



MEATS 




' / XT // * " ^ 



WILDGAMB LIVESTOCK 
(■oo«o, deer) 




XKKXGXKT SKID PLANTS 
' 50 - 600 



WATER 

Cealuar 1 ? 7 '^ 
solution 



^DETRITUS ANfl MUD 
nIOjOOO . - * 



Food web* through which cesium 137 could, reach man.' Kumbers (above) are concentration factors. 



Concentration factors: Ca 137 > concentration In o rganism 
Cs concentration In water 
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The % Cycling of Radiohuclides in the Aquatic Environment* 
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■ Uptake of radionuclides from the Mohawk Biver, New York, at 17 C. in September, 105&. after 72 hours! 

■ by Pithophora in perforated polyethylene bags, compared with aetJvi* of fish (bullh^ Wan indigenous , 
. fll am#ntous gr een alg-a, Cladophora, taken from, the river, pptake of these radipnuctid^ by Pithpphora , 

was nonmetabdlic, since-the.alga had been killed with chlorine, , „• ( 
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The Cycling of Radionuclides in the Aquatic Enrtroament 



FIGURE 8 
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- FIGURE 9 
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PROCEDURES FOR FISH KILL INVESTIGATIONS 



I 



I 



I 



j. 

i 



Fish kiDi ift ratoal waters, 'though un- • 
fortunate! can in many instances indicate „ <* 
,.pc*9? water quality' leading to investigations 
wtkcfti^y i improve water quaUfjT* Prompt 
' tovestigatipns should be organized and 
\. conducted So that the resultanj data implicates 
the' correct^ cause. Fish kills tend to 
highly controversial, usually involving the 
general public as well as a number of ' < 

agencies. Therefore, the investigator can 
expect his findings to be 'disputed, quite 
* "possibly in al court of laW. * 

T^e following procedures are presenters 
a working guide fpr investigating and* re- 
/porting fish- Ktlls as developed by the 
<* personnel of The Low.er Mississippi IJiver- 
- "Comprehensive Project (FWPCA). " 

I * * 

II. TYPES ANp EXTENT OF FISH KILLS % 

' Natural Mortalities - Those' which are 
caused through natural phenomena such * k 
as; acute timperatur* change, storms, - 
' ice a nd sno w cover, decomposition of 
'natural. material^, salinity chapge, 
„ spawning mortalities, parasiteis, and 
bacterial on viral epidemics v T ^ 



5 .Man caused 



agricultural 
activities. 



___ fish kills - Produced by 

environmental changes through man's 
activity, * ant I may be attributed to . 
municipal wastes,, industrial wastes, 

activates and/^ater control 



/ 



I 




! One dead fiflh in a stream mety be called 
a fish kill; howeve*, in a practical . & * 
sense ^somjiminiixial range in number of. 
d^ad flsh draei^ved 'plus,, additional - 
'quaiific§tio& 'should be Used in^repprjting 
^and^clasa^ymg fis^k^^ivest)[f^tioi\s # • 
\'*The foUowing;def&itions/^u%t^e usfed 
v as guidelines in reporting* fish kill 
investigations*. These gualificatipns 
ar^ based'on^a stream approximating ~ 
2 btfYeet in width anld 6 feej'iri depth. 
" For oth^r sfze streams/ adjustments 
should be, in&de. ^ - „ 



\ 1 Minor fish kill-considered here as 
NO fish kill and reported stf: • 
1 - 100 dead or dying fish confined 
* " to a small area or stream stretch, 
Provi<Jing this is' not a reoccurring 
or periodic situation. For 0 **■ 
exajriple, near a waste outfall* in * 

* which stream dilution plays its 
part and nullifies the effect of the 
deleterious material. If thi| is a 

* reoccurring situatipn, .it could be 
' of major "significance and/ there- 

- - fore, investigated? 

2 Moderate fish kil£ lbO 1000 
dead or dying fish observed. In a 
stream whe«p ^dilution has had the 

1 chance to pilots role involving m - 
. a mile or so o^strearfi , a number . 

of species are affected; &nd 
¥ apparently normal fish can be 

^collected immediately* downstream 

from the observedjcill area. 

3 k He^vy fish^kill: 10, 000 fish or 

more observed dead or dying, 
Ijn a t stream where dilution has- 
hadlhe chance iiKplay its part, 
but ten miles'or more of^the 
stream are involved, many 
.species of fish are affected^and 
dying fish may still be observed 
^ doWnstream, * 4 



ID PREPARATION FOR FIELD ^ 

INVESTIGATION , - ' 

A • Sebure maps of area to be'investigated. 

lv U. S. Geological Survey maps . 



' '*> U a 

'"as?. f 1, > 



l/250> Q00 scale for general* 
. location >\ .• ~ f 

1/ 2*4, 000 for accurately 
defining»ihe kill area.in the % " 
fieH. 



2^ Navigation-maps (^^opriate 



*agency> 



4^- 



<4 I 
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Procedures for Fish Kill Investigations 



3 Other sources 



0. 



* " 

From ihe data received from the 
Reporting agency, locate the kill 
area on the map. ^ 

a 1 Determine best access points. 

— * 
b Locate possible known industries, 
jnunicipalities, or other 
• potential spurces of pollution. *' 

C - Estimate the possible area to 
be traveled or inspected on 



1) water 

2) land 

3) both 



B Secure sampling equipment and deter- 
mine size of investigation team needed/ 



1 



A 

r 



Standard equipment to be 'taken on 
all investigations (a standard 
checklist wittii space for special 
equipment will often save- 
embarrassment in the field. ) 
\ 

~ a Thermometer 

b Dissolved oxygen sampler 
c . JD.O. bottles 4 

d Winkler' D. QJ test kit 

* 

:;\ e* . Conductivity test meter 

\ * 

if pH test meter or chemical kit 
\ g Sample bottles ' 

' \ • • . " . 7 ' . • v 

* : h v Pencils and note paper 



i /Current editipn of "Standard - 
/. .Methods for the lamination j* 
of Water anil Wastewater * 

2 ' If preliminary information is , % 
Available on this possible cause of 
the IdpL, consult the latest editio: 



123 



of "Standard Methods" for specific 
. physical and chemical equipment 
. required for collecting, analyzing, . 
' or preserving samples .possibly 

containing the suspected causative 
. agent. 

3 Form an investigating party 

a* . If only one man is available 
to make the investigation, 
.preference for choosing the 
man should be in this order 

1) Specialized professional 
personnel, such. as, 
engineer, * chemist, or 
biologist who is ex- 
perienced in. investigating 

. fish kills and who is 
capable of adequately 
reporting the technical 
aspects of the investigation. 

> ♦ 

2) , A non-specialized pro- 
«9 x fessional engineer, 

chemist, or biologist who m 
& has little or no experience 
in fish kill investigations, 
, but -who is capable" of 
adequately reporting the 
- — technical aspects of the 
investigation, 

r * 

. 3) A technician who has 
*m considerable field 
^ experience ifl^pollutiott , 

and fish kill investigations 
and ho is^capable of 
reporting some of the , 
^technical aspects of the 
investigation 

0 

4)j An office technician or 
other personnel who has 

* had limited field work in • 
pollution investigations, 

b If two or more men are .needed 
♦ . v for the investigation, the party 
should include at least one 
person under category (1) 
above. r Preferably, the team 
should .include: 



/ 



Procedures for 




Kill Investigations 



- 1) A biologist to make a 

survey of the biological 
changes. s M 

2) An engineer to make~an 
* evaluation of , the physical 
condition of the fish kill 
area and* to make an - 
investigation of an industry 
or a municipal wastewater 
; treatment plant if needed. 

c If a fish kill is observed in its 
initial state, in the field by any " 
one of the people listed under 
.the classification in Section ■ 
B. 3. a. , the p r o ject -pf f ice 
should be informed immediately 
(after working hours the project 
director or deputy director 
should be informed) so that an v 
adequately equipped, specialized 
, ' investigating party can be 
formed if needed. 

Contact personnel of the laboratory or 
laboratories which will participate in 
analyzing samples. If possible estimate 
the following and record on sample form 
No. 1. t 



The number and size of samples to 
be submitted 

The probable number and types of 

analyses required 

✓ 

The dates the samples will be 
received by the laboratory 



4 Method of shipment to/ the laboratory 

5 To whom tlje laboratory results are * 
to be reported 

6 The date the results are needed 



IV v MAKING THE FIELD INVESTIGATION 

A Contact the local lay person or official 
who-first observed the kill and reported 

• it. . ' 



1 Obtain any additional information* 
which might £e helpful which was 
not reportejd previously. 

2 If possible*, retain the reporting 
party as a guide or invite him to 
accompany the investigating team. 

B Make a reconnaissance of the kill area. 

1" Make a decisioh as to the extent* - 
of the kill and iTa legitimate kill 
really has occurred. 

2 If a legitimate kill exists take steps 
\to trace or determine the .cause. 

* \ . 

a Always perform th\? following 
♦ physical or chemical tests, 
during- the initial steps of the 
investigation: 

- * * 

1) Temperature 

2) ,pH v 

3) Dissolved oxygen 

4) Specific .conductance 



^ While none of these factors 
" may be directly involved in 
the kill these tests are per- 
formed simply and rapidly in - 
the field and can be used as a 
.baseline or starting point for ( 
isolating the cause (s) of the 
kill. 

Record other physical 
observations such as: 

1) , Appearance of wafer, i.e., 
turbidity, high algal 
•blooms, 'oily, unusual 

appearance, etc. < 

t 

'2) Stream flow^patt era, i. e*, 
high or 16w flow, stagnant 
or rapidly moving water, 
tide moving in or put, etq. 
If possible obtain reading 
.from stream gage if one 
is near Will area. 



3) Weather conditions pre- 
vailing at the time of the 
f investigation and information 

' on weather immediately 
prior teethe kill 

3 Make a rough sketch or define the 
kill area on a map so that sampling 

. points, sewer outfalls, etc. can be 
accurately located on a drawing to 
be included in a final report. 

-« 

4 Take close-up and distance 
photographs of: 

- a Dead'fish in the stream in the 
polluted area, » 

b The stream aVo^e the polluted 
area* " / 

e 

c Wastewater discharges. 

Photographs will often show a 
marked delineation between the ^ 
wastewater discharge and the 
natural flow of .water. Pictures 
taken at a relatively high' elevation, 
(a bridge as opposed to a boat or 
from a low river bank) will show 
more and be more effective. 
Color photographs a^e ulso more - s 
effective in showing physical con-* 
ditions of a stream in comparison^ 
* to black and white prints. ) 

Z • Sampling Procedures - The extent and 
methocf of sampling will depend upon 

'^location and upon the suspecjted cause of - 
the kill. . * * 

1 , Stream and wastewater sampling. 

a • Sample the following points When 
t ' the pollutions! discharge is 
coming from a well defined 




outfall. 



1) The effluent dischargl 
outfall *" s 

2) The stream at the , closest 
point above the outfall. which M 

• is not" influenced by the 
waste discharge * 



The streatoi immediately 
below the outfall 



4) ' Other points downstream 
> needed to*trace the extent 
of the pollution 



The sampling should be ex -I 
* tensive enough that when all 
the data is compiled no question 
will exist as to* the source o^ 
the pollution which killed the 
fish. * c j 

The number of Samples to be 
collected at a given cross \ 
section will depend principally 
on .the size of the stream. 

1) Streams less than 200 feet 
wide, not in an industrial 
area usually can be 
adequately sampled at one 

> point in a section (Figure !l). 

2) . Streams 200 feet or wicler, 

generally should-be i \ 
? sampled two or more' j 
places in a section I 
immediately above and * I 
fcelow the pollutional ' 
discharge; where the 1 
pollutional waste has 1 
^adetfiiately *mixed with the 1 
v stream flow ope sample i 
may suffice. „ 1 

3) A number of samples in a ; 
cross section may be * 
required on any size of , i 
stream to show that the J 
suspected pbllutional * , 
^discharge is coming from • 
a source located iif&n* 

" - industrial or. municipal 
complex (Figure 2).y^ 

4) Extensive cross sectional 
sampling on/ rivers h ' 
greater than 200 feet wide • 
will be required for kills 
inyolving suspected 
agricultural or other types 
of mass runoff. . 



Suspected source of 
pollution.- '• 





i 



Direction of !5 * 
~* 3 S 



flow. 



Areo of deod fish ond/or 
obvious pollution dlschorge. 



Bridge 



Figure I — Minimum Woter Sompling Point On Streom 200 Feet ■ Or 
Wide Involving An Isolated Olschorge. 



Less 




Olschorge -sources roiotively close 
to suspected source of pollution^ 







1 1 1 1 






Suspected* source 
of. pollutfbn. 



Figure 2 ~ Minimum, *Water\sompiihQ Points On .A Streom Running 
% . * , Through Aii lnduslHoi Or Munjcjpor Complex. 



PLATE ! - RELATIONSHIP OF FISH KILLS TO SOUflCE OF TOXICITY 



5) Sample depths - On streams 
5 feet in depth or less, one 
mid-depth sample per 
sampling locations. For * 
streams of greater depths, 
appropriate sampling 
judgment shduld be used, , 
since stratification may be 
present. 



Explanation of Plate I 



1) * Collection point 1, Figure 

1 and points 3 and 4, f 
Figure 2 should be collected 
as near to the point pf 41 
pollutional discharge as 
possible. These points 
will vary according to 
stream flow conditions; the 
pollutional discharges into 
a slow sluggish stream 
usually will have a cone of 
influence upstream of the 
outfall; Whereas, a swift* 
flowing stream usually will * 
' not. v ^ 

2 ) Colle cting, ^n up str eani 
control sample from a 
bridge within sight of the 
pollutional discharge 
would probably be satis- 
factory in Figure 1 but ^ ■ 

/definitely not in Figure ^ 

3) Figures 1 and 2 are given 
for illustrative purposes- ■ 
only and should be used 
oxily as a guide for sampling. 
Thought-must-be given to " ■ 
each individual situation 

to insupe adequate, proper 
c sampling. While too many ' 
samples are better than 4* 
t6o few, effort should be 
made not to unduly over- 
load the laboratory with 
samples collected as a 
result of poor sampling 
' procedures. 



2 • Biological sampling 

*' » * * 

'a **!n every investigation of fish 

or wildlife kills the paramount, 
item should be the immediate V 
collection of the dying or only* 
recently dead organism. 
This may be dope by anyone, 

« sampling and Reservation is 
as follows: 

lf\ Collect 20 plus drops of 
blood in a solvent rinsed 
vial, seal same with 
aluminum foil/ cap and 
freeze. 

2) Place bled carcass, or 
entire carcass if beyond 
bleeding stage, in plastic 
bag arid freeze. In case 
no method'of freezing is 

- available,, icing for a 
short period prior to 
freezing may be acceptable. 
Labeling of both blood and 
carcass is^important. 

3) Cpntrols-live specimens 
of the affected organisms 
should be obtained from 
an area within the same 
bociy of water which had 
not been influenced by the 
causative. agent. Once 
obtained these specimens 
should be handled in It. 
like manner. 



The number of individuals 
invdlved and the species 9 , 
affected should Be eiyjrnerated 
in some manner. At most 
these will' be estimates. 4 
Depending* on the given situation 
such as area or distance * ■ 
involved and personnel available 
* enumeration of fish kills may ^ 
.he approached in one pf the 
following ways. 
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Procedures for Fish Kill Investigations 



1) 



2) 



3) 



4) 



1 



Fox* large rivers, establish 
observers at a station or' 

- stations (e.g., bridges) 
and count the dead and/or 
dying fish for a specified 
period of time, then pro- 
ject same to total time 
involved, 

*For s large rivers and lakes, 
traverse a measured \ 
distance -of., shoreline, ^ 
count the number and 
kinds of deadhor dying fish. 
Project same relative*to 
total distance of kill. 

For lakes and large ponds, 
count the number and species 
within measured areas, ahd 
then project to total area 
involved. 

.For smaller streams one- 

- *nay walk the entire v 
strefch involved and count 
observed number of dead 
■individuals by species. 



Biological sampling Macro - 
Invertebrates: . 

'* V 

a Sampling of benthic organisms 

after the more urgent aspects 

of the kill investigation has been 

completed- can'prove to be- 

rewarding- relative .to extent and" 

cause of kill. Since this ^general 

form of aquatic life is somewhat 

sedentary by ^nature any release 

of deleterious materials to their 

envirc&meht will take its toll. 

Thus by mafcingJt series of 

collections up and downstream, * 

ttfe affected.stretch of stream 

may be delineated when the 

benthic populations are compared 

to those from the control area. 

Also the causative agent may 

,be^realized when the specifics 

&r*~ of Ihe "benthic population present 

are analyzed. » ♦ 




b Other aspects of the biota 
"which should be considered 
are the aquatic plants. In lakes 
And ponds floating and rooted 
plants should be enumerated 
■ and identified. The collection 
of plankton (rivers and lakes) 
should be taken in order to 
deter/nine the degree of bloom! 
which in itself may cause fish 
kills because of diurnal DO 
levels., 

c Both aquatic; plant* and macros 
invertebrates . may be preserved 
in a 5% formalin solution. 

Bioa&say * 

Static bioassay techniques as out- 
lined^ in Standard Methods may be 
effectively used to determine acute 
toxicity of wastes as well as . 
receiving'waters. . 



a In situ using live boxes 



b * Mobile bioassay laboratory 

c Samples returned to Central 
Lab for toxicity tests 



DETAILED EXAMINATION OF SOURCE 
OF POLLUTION 

\ 

Seven general categories under which 
caused of kills can be grouped are: 

1 Industrial waste discharges 

2 Waste discharges from municipal 
m / sewera ge sy stpms 

3 Water treatment plant ^isc^rges 

4 Agriculture and reflated activities 

5 Temporary activities * 

6, Accidental spills of oil and other 
hazardous substances 
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7 • Natural fcauses 
Industrial Waste Discharges 

1 Upon locating the outfall source, 
collect a sample Immediately if 
possible at the point where the 
wastes leave the company property. 

2 Make an fn-plant inspection if 
possible,, 

a Contact the plant manager or 
person in charge. 

b Request a brief tour of the 
* facilities. ^ 

c Obtain general information 
concerning the products 
manufactured; raw materials; 

* manufacturing process; 
' quantities, sources, and 

.characteristics of wastes; and 
waste treatment facilities -if any. 
Possibly the company may be 
able to supply a flow diagram 
or brochure of the plant 
operations. 

^ d Request specific information 
concerning the plant operation 
immediately, prior to the start 
of the kill. . " 

Waste discharges from a municipal or 
domestic type sewerage system 

1 . Discharges from this source may 

be domestic sewage and industrial 
wastes combined with domestic 
sewage. These wastes may be 
subjected to treatment of a municipal 
treatrnejit plant or may be dis- • 
charged .directly, 5 untreated* tg a 
* stream. * * 
- " ** 

2 . Genejally, the municipality or , ; \ 
own er o/tfig Sewerage System is 



held responsible for any^dis charge 
' in such a system; consequently, t 
after collecting samples,- the owner 
or a representative of the owner of 
the sewerage system 'should be 
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contacted.. This may be a sewage 
^ trelatment pjant operator, city *r-* 

engineer, ' public works supervisory--*, 
a subdivision* developer, etc. 

• a Obtain information about the 
* operation of the system. . 

< * 

b If the cause of the kill was the 
result of an industrial waste 
discharge to a municipal 
sewer and thence to a stream, ' 
information should be obtained 
from a municipal official about 
the industry and the problem.* 
An inspection of the industrial 
plant may be desirable. 
Generally, this should be done 
onlLy in cooperation with a 
municipal official. 

D Agriculture ahd Related Activities 

*. m 

1 Pollution capable of causing fish 
kills may result from such 
agricultural operations as crop 

\ dusting and spraying fertilizer, 
applications, and manure or other 
>s ' v organic material discharges to a 
stream. 

2 Generally, kills related to these 
factors will be associated with 
high rains and runoff. 

«* 

3 The sourc^ or type of pollution 
may be difficult or impossible to 

* t • locate exactly. * It may involve a 
large area. Talking to local 
.residents may help pinpoint the 

* specific problem area. Runoff 
from- fields, drainage ditches, and 
small streams leading to the kill 
area are possible sampling places 

.which may be used to trace the 
cause. 

E Temporary Activities \ 

-» . ^ • v , * *** ' . - 

' ~ 1 Causes of kills may result from 
such temporary or intermittent • 
activities as mosguiio spraying, 
* construction activities involving 
chemicals, oils, or other toxic 
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substances, and:W,eed spraying 

" With herbicide containing matertal a- 

toxic^to ftsh such as arsenic; 

2 * As with Agricultural activities, • *A : 
» tracing the 'cause of these kills is 

difficult and may require extensive ' 
sampling. 

3 Accidental spills from -ruptured 
tank cars, pipelines, etc., and ^ 

"dike collapse Of industrial ponds 
are frequently sources of fish kills . 

F Possible Natural Capses of Fish Kills 



1 Types of natural causes 



\ a Oxygen depletion due to ice and 
snow cover on surface waters 

b Oxygen depletion at night because 
of plani respiration or at any- 
time during the day because of 
natural occurring organics in 
the water 

c Abrupt temperature changes 

- * d Epidemic and endemic diseases, 
parasites, and other natural 
occurring biological causes 

e Lake water inversion during , 
vernal or autumnal turnover 
which results in toxic material 
or oxygen-free water being 
brought to the surface, 

. f Inter^||,f8eiche movemGt^ijfoi 
• % • . whicli a toxic or low DQ£ :> 

hypoHmnion flows up iqi^a bay 
or bayou for a limited period 
of time, and lafcpr returns fo 
* .normal lev§l * ' f 



Fish kills in rivers below high dams 
immediately following the opening * 
of a 'gate permitting hypolixnnionic 
water to flow down the stream 
(as in TVA region) * 



VI CASE HISTORY 

'A The Lower Mississippi Endrin kill is an 
excellent example of the investigation of 
a major fish kill. Bartsch and Ingram 
give the following summary (See Table I). 



tabiSe 1 



ELEMENTS 6f INVE^TIGATIONg . 



I Examination of usual, environment^ 
, factors , • < 

°U Elimination of parasites, bacterial or 
viral diseases and botulism as causes of 
mortalities* 

HI Considerations of toxic substances: 
Examination and prognostication of 
^symptoms of dying Ush. Autopsy, 
including: f 

Haematocrlts and white cell counts 

Kidney tissue study 

Brain tissue assay for organic * 
phosphorus insecticide 7 

Tissue analysis for 19 potentially 
toxic medals . ° 

_Gas chromatographic analysis of 



tissues, including blood, for ' 
chlorinated hydrocarbon insecticides 

IV Explorations lor toxic, substances : 

, Bloassay with. Mississippi River 
water < 

\ ' Bloassay w^lth extracts from river 
bottom mud 

< Bloassay with tissue extracts from 
fish dying uf river- water and 
^bottom mud extracts 

Bloassay with endrin to compare 
~+ symptoms and tissue extract 

analyses with those> ot dying fish in 
all bloas says 

V Intensive chemical analysis for- 

pesticides In the natural, environment, 
experimental environment, river fish, 
and experimental animals ' Q 'tm. 

• . * * 

VI Surveillance of surface-waters for 

' geographic range and intensity of ^ # 
pesticide contamination 
*» 

VII Correlation *nd interrelation of findings 



• Itu la»t«U#uor • ho« 14 1» »*• r* oftN 
fact that tMraot); bMttby ri»h m»y b« 
terWrto|pAtlM|H« b«ct«fu U (Mr 
bloodllf M*u (•« Bullock tad SniMtkt). 
Thua U»f» nujr U «fr«r«! ftctort I*wl*t4 
la flth morUlUUt, ftU U nUthmiy 
' acwr« tM frimtrj huh or c«Ml. 
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Th£*investigation Was designed to corf- 
sider and eliminate potential ash 'kill 
possibilities that were not involved axid 
come to a point focus on the real cause, » : 
It was found that^he massive kills were 
not^ caused by dis^^p s heavy ijietals, 
organic piBsphorus compound^ lack of 
dissolv^ oxygen or unsuitable pH. 
Blood of Sying> river fish was^oundto 
have concentrations of (endrin equal to* or/ 
greater than laboratory fis^ kil^d with 
this pesticide, while living fish Had 9 
lesser , concentrations . Symptoms of 
both groups 6f dying fish were identical. 
It was concluded from all data^obteined* 
that these fish 'kills yere caused by ' 

endrin poisoning." , • * 

* , 

Recent investigations in Tennessee have 
shown that the leaking of small amounts 
of very toxic chemicals from spent 
pesticide-containing barrels used as , 
floats for piers and diviijg rafts in lakes 
and reservoirs can-produce extensive 
fish kills. The particular compound 
used-tp cqntrpl<slime 'growth in manu- * . 
facturing processes, contained two 9 
primary chemicals in. solution • l 
(phenylmercuric acetate and 2, 4, 
6-trichlorophenol). The forniero com- 
pound which breaks down to form- 
diphenylmercury was found to bfe more 
toxic to aquatic lif^than the latter. 
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project Personnel 
Contacted: 



t 

> 








a. 


Name 








• 




D. 

♦ 

2 * 


Means of 
Contact 




« - 


• 1. 


Reporting source 




C. 
• 


•Date & Time 






a. Agency 












-it 


(1) /rddress ** 






* 1 








(2)' J>hone (s) . : • 














b; Individual ' - ' 




• 


*i r- 


> 


« 




(If Address v ' 4 






(5 


i * • j. 
i • 






K (2) Phone • * 














(3) Fish Kill'Network 


yes 


— 


* * — — > 

no 






• 


c. Other Contacts 




< 










(1) Address 














(2) Phone 




— 
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(3) Fish Kill Network 


ye/_ 




no 




\ 




Data furnished by reporting source 
a. Location of Kill ■ 


7 # 






< > 

* • > 



b. Dates of Kill 



Dying last observed 



c. Kinds of organisms 

d v Approximate\number killed_ 



e. Cause of kill (ife known) 

I. Suspected causative sources , 



4. Assistance to Project . 

a„ Provided by 

- b» Personnel*^ 



p 



; — »_c^ Equipment s 

d. i>ansportatlon~facUities_ 



gERlC| : "-x 





•/•< 


g. Measures taken 


\ f , - 






h. Other Agencies contacted 


T 






(1) Date and Time 
















► 3,, Action requested ^ , 








a* Field investigations 








b. Laboratory" analysis * * 
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SPECIAL APPLICATIONS AND PROCEDURES-FOR BIOASSAY 



I INTRODUCTION' 

A The report of the Council on Eiiviron- 
mental Quality (1970) repeatedly stresses 
the need for the development of predictive, 
simulative, and managerial capabilities * 
to combat air and water pollution, 'The 
last capability depends on the first tfyo. 

* ' 

B* The standard static jar fish bioassay, 
which uses death as a response, enables 
one to predict the toxicity -of a particular 
waste to fish # One limitation^ this 
. procedure is that it uses a grab sample t 
which represents the quality of the waste 
r at only* one point in time. The water* 
used to make, the dilutions is also tatfen* 
; at ope pojnt in tipae^ At the actual 
* industrial site, the* quality 6f the waste 
-and the river water vary through time. 
A' composite waste sample partially " 
'overcomes this liiAitatipp, but may mask 
variations that, are biologically important. 

C One could put fish in a continuous flow of 
waste diluted with river water, but then * . 
there is one further, limitation of the 
standard bioassay: death is usecl as the 
response. In-order .to prevent damkge 
to organisms, it is necessary to h&ve an 
early warning of dangerpus conditions, 
so that corrective kction can be taken. 
In other words, symptoms of ill-health, 
.which occur before death, "must be detect- 
' e<Hf there is to fce time for diagnosis and % 
treatment* " 



H METHODS AND MATERIALS . 

A Fish Movement Patterns 

1 Fish movement patterns* can be monitored 
using the technique 6jf light ; beam inter- 
niptiqn described in detad^^Cairns, 
.et al;-{1970h>s Oewn- and dusk^are c 
iimiilated by a motor- driven dimming : 
unit which gradually ^ increases the 
. inte^ity of tee ro6m-U^ts over u 
half-hour period Parting at 6:30 a. m, 
; and gradual^ decreases' the intensity i6 
< * f <f to 0 over i li^-hour perto 

m at 6:30 p^my The OTm]4ative;movement 



* of each of six bluegill sunfish, a s " 
% single fish per tank, is recorded 

; every hour throughout a' test except . 
\ \ during the simulated sunrise and 

sunset when an additional record is 
. v made on the half hour*. Each day is 
divided into four intervals; first 
half day, s.econd half day, first half 
. night and second half. night. (Table I) # 
Before any statistical analysts "can 
^ Be performed, 'recordings for day ■ ' . 
lmust be^completed. After tEe' ■ 
cumulative movement for day 1 is a 
recorded, statistical analyses are ' 
performed after-»the. completion of . " J 
-each designated time interval. > For 
example, the cumulative movement 
• * recorded hourly for eactilSsh' during 

day 1, fir^t half day values are compared 
> ' to thfe cumufittivQ, movement recorded 
1 - * hourly for each fish' during day 2, first 
half day values. - \ 

2 Based on the results of 20 laboratory 
- experimeiits "stress detection" is-' ' . 
■ * 'defin^d^t^ the "presence of twol>r 

more abnormal movement pattetne " " 
. recordetf^uring the same time, internal. 

B Fish Breathing , 

1 Breathing Ate* may be determined^froikr 5 ^^ 
polygraph recordings of breathing*signals. 
The fish are teste.d in plexiglas tubes 
through which dechlorinated tap water 
or some toxic solution is metered at r • 
a flow r£tr of approximately 100 ml/min. 
Breathing signals are detected by three * 
platirfum wire electrodes plaped in the ^ T ' 

; water; an active electrode, an indifferent ; « „ 
electrode, and a ground. The te$t ; 
chambers and methods-xrf acclimating 

- the fish are described in more detail 
by Cairns,, et al. (1970) The photoperiod 

* is the same as that for the fish movement I 
stiidy. ^ 

* * v/ * ' 

2 The fish are placed in test chamber^ by 
6:00 p.m. and the recordings began at *// 
6*00 a. rti; the next day to allow theVfish* ' 
to recover overnight from Handling; 

' Toxic solutions are introduced at 10:00 a.m. 
~ after .the Experimental fish have been* 5 ^ 7;f 
> * "expose d .to water containing no ^dded ^ ~ 
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N toxicant for periods of one to six days. 
£ach experimental fish thus s,erves as 
its own control. In addition, one or 
two fish are never, exposed to the m 
toxicant and serve as controls through- 
out each experiment. In one experiment, 
using zinc as the toxicant, reported 
in Table VI, six control fish were 
exposed to -water containing no added 
;zinc for four days. 

a Preliminary exidence suggested that 
the data could 6^ analyzed by separa- ' 
ting the experimental day into four 
periods; a perfod from 6:00 to £:00 a.m* 
when the breathing rates changed 
markedly, a period froni 9:00 \. m. 
^ to 5:00 p» m. when the rates were . 
comparatively^ high* mother period 
of rapid b 4hange from 6:00 to 6:00 p. m.-, 
*\ . and a night period from 9:00 p.m. to^ 
5:00 a^m* .when thfe rates were .compar- 
atively low (Sparks, etal., 1970).^ 
• 

' b Bluegills in3j£ease their breathing 
rates when exposed tor zinc (Gairns, 
et al., 1970X An individual fisli was- 4 * 
thus considered to have shown a , 
response each time ftp breathing rate 
during a time period exceeded the 
- maximum breathing rate observed 
'during the corresponding period of the 
first day,- before any. zinc was added, A^ 
response was scored for each value- 
on the second day that was higher th&h 
the first day maximum for the compar- 
able jseriod. The~co"&trdl periods • 
(before any zinc' was added) and '-the 
experiment *where*no^8hc, Was addfcd " , 
at all were used to determine. how nfkny 
false detections this method of analysis 
would produce. The experimental 
peeriqfte (after zinc was added), deter- 1 
mined how> quickly the method of 
analysis could detect zinc concentrations . 
inVater. , • rt . _ ^ 

Zinc concentrations were determined 
daily by/atbmic ^sorption spectro- 
photometry. • 
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in -RESULTS. . 

A fish Movement Pattern^ 

1 Table 1 shows the. results of*>ne 
\ continuous flow experiment carried 
' out for 20-daysr During £Ws experiment 
fish ware exposed to zinc on day 7 . 
from" 1:00 p.m. until 7:00 p. m. at 
which time the flow was returned to 
normal dilution water. _ The zinc 
concentrations 'reached their maximum 
'at 7:00 p.m. and atomic absorptioa 
analyses on affluent samples, collected 
at this time showed the following - 
.concentrations: tank one, 13.32; 
tank two, less than 0'. 08; tank t^ree; 
11.39; tank four, 12.72; t&nk five, 
13:32; and tank six, 12^.59 mg/1 2n 
.The results show that these concentrations 
of zinc 'developing over the six hour 
interval pf exposure were insufficient 
* to cause a detectable change in th6 
movement patterns of the fish. By 
8:30 a. m\ of day 8 the effluent zinc 
concentrations were less than 0,30 ifr 
all case§. » - ' . 



m 2 



To determine the percent survival and^ 
recovery patterns of the fish once Stress 
detection-occurred, zinc flow was 
reinitiated at 1:00p.m. on daty 13 of* /\ 
this experiment. Between 8:0D and. 
9:00 p.m. on dly 13 the~sinc concentration 
in th§ effluent reached, a maximum of: 
7. 51 for tank one; less than 0.05 for. 
tank two; 7. 49 for tank three; 7, 52. for > 
tank four; 7.49 for tank five; and 7. 54 mg/1 
for tank six. The concentrations 'remained 
near*the above values until 'the statistical ' 

^ team . # f 

analyses show§d stre ss' detect ion 
during the first half night values on day. , 
14 (Table 1), Ab sopn as stress detection ^ 
occurred the* How was 'returned to normal 
dilution water. At 10:00 a.m. on day 15 
zinc analyses showed all effluent concentra- . 
tions to43e lqss than 0. 70 mg/1 Zn**. 
Stress^detection continued to be registered » 
for two consecutive tinie interval^ following 
the initial, detection, but after that no stress 
detection wasVegiste^ed arid the frequency 
of abriormal patterns returned to prestress 
levels within 48 hours? In this experiment 
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' ag,with all others in jvhich dilution 

water containing zinc was replaced with . 

. dilution water minys zinc at that time • ^ 
of stress detection all .fis h aurvived t / 

3 The results* from the series of experiments 
* at progressively lower zinc concentrations 
indicate that the lowest detectable 'con- * 
* cetttration is between 3. 65 (Table II) a£d 
„<2.93 mg/1 zinc (Table III) for a 96-hour 
exposure. 

B Fish Breathing. _ ' • 

• .•" 

-1 Table IV shows the breathing rates of 

five fish on days 1, 2, and 7 of experiment 
*8, 'The first four fish were exposed to a 
'measured zinc concentration of 4,16 mg/1, 
beginning at 10 a.m. on day 7. The fifth 
. fish served as a control and was not 

exposed to any addecUzinc. The amplitude 
. of the breathing signals decreased every . 
night," and the breathing rates for fish 2, 
in particular, could not be determined 
during some portions pf the. dark period ' 
(7:30 p;m # - 7:00 a # m. ). The maximum 
• . breathing rates for each fish during each 
* p^sibd of the first day are circled'. The 
breathing rate of any fish during a tiine 
period of day 2 or day 7, which is greater 
than th^- maximum breathing rate recorded 
for that fish during the corresponding time*, 
period of the first day has a. rectangle * 
drawn around it. The total number of 
A fish, showing increased breathing is 

given it the bgttom of each- column. On 
day 2 # fish 2 showed increased breathing ^ 
on just two occasions.' In contrast after 
zinc was added on da# 7, ttiree and four 
experimental fish at a time showed * 
increased breathing. * 



Table* V/surnmaiizes the results i of 
successive comparisons of the/first day 
maximal breathing-rates to breathing ^ 
rates on subsequent' days (SCM method . 
of analysis), for experiment 8^ During " 
the control period before any fcinc 
was added there were 15 oQcasibns when 
a single experimental fish responded, 
.and thj*ee occasions when two experimental 
fish desponded 'at the samg time. At no . 
iime'during the control, period did more 
than fwo fish show responses together* 



After ttte zinc was introduced, all 
four of the exposed fish showed responses 
simultaneously on five occasions, and f t 
.thr§§ fish showed' responses during the 
same time interval on 19 occasions* If r 
the c criterion for detection of water 
conditions potentially harmful to fish 
were two or more responses during the 
same time period, then three false 
- detections would have occurred before 
any zinc was added, and 4. 16 mg/1 zinc v 
would have be # en correctly detected eight 
hours aft^r ft was introduced. If the r 
detection critStion were three or more s 
responses during the^ame time period, 
then no false detections would have f 
occurred and. the zinc would still have 
been correctly detected after eight hours. 

The lowest zinc concentration tested was 
2.55 mg/1. tfsing a detection criterion 
of simultaneous responses by three fish, 
this concentration was detected 52 hows . 
after the zinc was added, with no false 
detections occurring during the four hours . 
before zinc was added (Table VIK Th.e 
response3fOf six control fish that were 
exposed to dilution water containing no ' ' 
added zinc are also shown for comparison.. 
Note that there.was no tendency toward 
increased breathing rates through time in v 
the^ control fish, and that, no more than one 
control fish showed an increased breathing 
rate during one time period. 

Table VII summarizes information on 
three experiments that indicates the 
effectiveness of the SCM method of , , ^ 
analysis when different criteria for 
detection are used. Changing the criterion 
for detection f rdm one to three responses 
per time, period generally increases the 
lag time and decreases the number of. } 
false, detections; The lag time is the *• 
time^rom the addition of zinc to the first t 
detection. A fa|se detection x is' one.occurr- 
" ing before any zinc is added to the water.* 



IV DISCUSSION 

A The experiments described above ghow that, 
m the movements' and breathing •rates of,bluegill \ 
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sunfiph-cah be ua^jj to detect sublethal < 
concentrations of fcinc. ^Ihe criterion 
forv>detection»is A certain number of fish 
showing an arbitrarily defined response 
in breathing rate or activity during one 
time period. 

\ In -choosing a specific criterion ipx 
'/detection, the risk of not detecting str'essful 
conditions soon enough must be weighed. • 
against the risk of false defections/ and * - 
the choice would probably be determined 
by the nature oMhe pollutant. If a pollutant . 
is easily detected by 'the biological monitoring 
system,., is slow- acting, and if the t6xid v 
effects tireLreversible, then the criterion 
for. detection might be responses by 3/4 - 
of the test fish, to avoid the false detections 
that would necessitate expensive remedial 
action or/a temporary shut-down. On the 
othe^hand, an,,ix\dustry that produces an 
eifluept contaiikng a fast-acting toxicant 
whose^ effects are irreversible would 
probably use a "criterion that leads to rapid 
detection (responses by 1/4 to 1/2 of the 
test fish), and would have to go to the 
expense of installing holding ponds or ^ 
recycling fa6iHties to accommodate a * ^ 
Relatively high number of false detections. 
■Alternatively, a safety factor could be ^ 
introduced by metering proportionally 
morW waste into the dilution water delivered 
♦to th^fce^t fish than is delivered to the' 
stream. The safety factor could be$&> 
determined by growth* and reproduction 
experiments with fish/ 

*In an actual industrial situation water and 
.w^ste qualities are apt to vary, unpredictably, 
ahd it would cerfainlyJie desirable to have 
a redjandant deteciiQnjystem. It is conceiv- 
able that some harmful combination of 
environmental conditions and waste quality 
would be detected by monitoring one biological 
function, but not by monitoring another. 
It is also possible that excessiv^urbidity 
would disrupt the light beajns of me movement 
faiqnitor, and not affect the breathing monitor; 
px* that an excessive concentration of electro- 
lytes' would affect the electrons of the breath- 
ing monitor, but not affect the activity monitor. 
Therefore, the activity monitor and thej * 
breathing monitor have.been combin^djjv*^: 
laboratory for further experiments (Fig.* 1)^ 



U D The rate pf $ata acquisition ana analysis . 
: . cojuld be greatly speeded tip if the - 

mbjiitoring system were automated as 
v jshowh in Figure 2. ^ptie sampling rate 
would -be controlled by a minicomputer 
whictt could" receive data from* the * 
» * movement monitor and the polygraph 

via a multiplexer as often as every minute. 
The minicomputer would be programmed 
to perform statistical analyses every 10 
minutes, for example, and output the' * • 
results on a teleprinter. 

^ - - - \ J* 

E Figure 3 shows hovj thfc fish jribnitoring 
"units would b£ used at an actual industrial 
site. A monitoring unit would be located 
- . on each waste stream lit the plant and oi^ 
'the combined wastestream. * The expei»en- 
' tal fish in each unit 'would be exposed* tq^jf 1 
waste diluted with water from the river * 
above the plant, "and control fish would be 
' exposed to upstrearn water p alone (Fig. 41. 
The information from each monitoring - * 

unit could be analyzed by a central data 4 
processor, arid whgn there Was a warning 
response/ the industry could tell Which 
waste stream was at^fault. If the problem - 
was. outside the plant, the control fish 
would show responses. . 

• V t 

F Figure 5 shows how ^the in-plant monitoring , , 
systems would be integrated into a river 3 * 
management system. The in-plant monitoring, 
units are shown as squares,- and in addition . 
to supplying information to each industry, 

. the monitoring units also inform the control 
center. In such a system,, there are several 
alternative damage prevention measures 
that could be used, in addition to whatever 
measures/ such is shunting waste's to a 
holding pond or recycling wastes for further" 

* treatment, are available to each industry. 
If the monitoring units at Industry 2 indicate* 

- that toxic waste conditions are developing, 
then the control center might have Industry .1 * 
hold its waste until the dangek* of combining 
wastes' from* Industry 1 an$l 2 in the river * 

. were alleviated by control measures* at 
Industry 2. Alternately, the ' control center 
might call for a» release of water from the * 
upstream dam^to dilute the effluent from 
-industry. ' ' . 
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It is likely that "fish sensors" in 
continuous monitoring units at industrial 
sites can warn of developing toxic conditions 
in time, to forestall acute damage to the 
fish populations in streams ♦< In conjunction 
with stream water quality standards for : * 9 
chronic exposure/ such biological monitoring 
systems should make it possible for healthy 
fish populations to co- exist with industrial 
water use* ~ • + 
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Figure L Test chamber for monitoring system/ showing the electrodes for 
' < recording ^sh breathing and thefjight-beam system. for recording 

- fish movement. , 
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/ Figure 3.' Arrangement offish monitoring units' at an "industrial site. 
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Figtise 4; ' Detail of a single fish monitoring unit, showinghow the 

■.experimental. fish are exposed to waste diluted with upstream • 
• water and the. control fish are exposed to upstream water alone. 
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Figure 5. Use of in- plant monitoring units in a river management system. 
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I BENTHOS ARE ORGANISMS'GROWING 
ON OR ASSOCIATED PRINCIPALLY - 
WITH THE BOTTOM OF WATERWAYS 

Benthos iff the noun, 

4, 

Benthonic, benthal and benthic are 
adjectives,* 

II THE BENTHIC COMMUNITY* . 

A Composed of*a wide variety of life 
forms tyaiare related because they 
occupy "comjnnn ground" — substrates 
of oceans, lakefe, streams, etc. 
Usually they ar J attached or haVe 
\ N relatively weak powers of locomotion. 

• These life forms are: 
, . * * ' 

. 1 Bacteria / k 
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A wide variety of decomposers work 
on organic materials, breaking them 
''down to elemental or simple com- 
pounds. .»,; 



2 Algae' 



r 



Meipfauna 

Mfeiofauna occupy the interstitial zone 
(like between sand grains) in benthic 

* ^tnd hyporheic h&bitats. *They are .inter r 
mediate in size between the microfauna 
(protozoa and rotifers) and the macro- 
fauna (insects, etc. ). ^They pass a No. 30 
sieve (0. 5 mm approximately). In fresh-^^ 

^ # water they include nematodes, copepods, 
tardigrades, naiad worms, and some flat 
worms'. They are usually ignored in fresh- 
water studies, since they pass the standard 
sieve and/ or sampling devices. 
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Photosynthetic plants having no true 
roots, stems, and leaves. i Phe basic 
producers of food that nurtures the 
^ < aniinal components of the community. ^ 

3 Flowering Aquatic Plants-(Pondweeds) 

llie large st .flora, composed of /> 

complex and differentiated tissues. 
May £e emeirsed, floating, sub- 
mersed according to habit. , v < 

4 .Microfauna;^^^ < '/ "/ 

Animals that pass through a U.S*. 
"Standard Series No. 30 sieve, but 
are retained on a No;* 100 sieve. 
Examples: are Rotifers and micro- ^ 
cruj^&ans^ . ~ 

- . organs for atteclraeht'tb ktibg trates, 
^ \ while dthersl burrpw,into §oft material 
pr occupy; th$l^ 
florjil;pr f ^aunai ; materials.^ . 



6 Macrofauna (macroin vertebrates) 

Animals that are retained on a No. 30 mesh 
sieve (0. 5 mm approximately).. This group !< 
includes the insects, worms,, molluscs, and : / 
occasionally fish. Fish are not normally ' ; ?: ' 
-considered as bekithos, though there are bottom 
dwellers such,as sfculpins and darters. 

t " ■ * 

It is a self-contained community, though there 
v isJnterchange with* othpr communities. For 
. example: Plankton ~settles~tb it, fish, prey on 
' it and lay their eggs there, terrestrial detritus 
leaves are added to it, ancj, many aquatic insects 
migrate from it to tne terrestrial 'environment 
for their mating .cycles. ' - -• 

2 It is stationary water guality monitor. The 
tlpw mobility of the biotic components requiwHr*- 
.{hat they "liTfe with" the quality changes of the 
over-passing waters. Changes imposerfinHthe"^7^ 
long-lived components remainjftsible for ; 
extended periods, even after the cause has " 
be&'Vlfnainated. Only time will allow a cure ' 
for^the community by drift, reproduction, and re- v 
"cruitment from th^Tiy^orheic zone. \\ ^ ^ 

* / v v« * , *•.■*! 

D Between the benthic zone (substrate/water -'A 

interface) and the underground water table j 

A is the hyporheic .zone. These is considerable & 
interchange from one zone to 'another. 
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Ancient literature Records the wermin associ- 
ated witlf fouled waters., * 
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B 500 -year- olcl fishing literature refers , 
to animal forms that are fish food and <■ 
used as tiait* 

C The scientific literature associating ' 
• - biota to water pollution problems is , 
over 10y years old (Maclcenthun and 
Ingram) 1964). 

D Early this century/ applied biological 

investigations were initiated. 

* . • 

1 Th$ entrance of state boards of healthy 
into water pollution control ? activities* 

*• , 2 Creation of state conservation agencies. 

3 Industrialisation and urbanization. 

4 Growth of limnological programs 
at-^tiniversities^ 
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E A decidedincreifee in benthic stSjiies 
occurred in the 1950 ! s and much of 
today 1 s activities arf strongly .influenced 
by*developmental work conducted during 
this period. Some of the reasons for this 
are: 

i 

1 Movement of the universities from 
"academic biology" to applied 4 
pollution 1 programs . 

. 2 Entrance of the federal government 0 . 

into enforcement aspects of water 
. - pollution control.; * 

3 A rising economy and the development— 1 
of federal grant systems. 

, 4 Environmental Protection Programs 
are, a, current stimulus. 

' IV WHY; THE BENTHOS? 

A It is a natural mohitpr 

B The coifimunify contains alTof the n 
_pomponents of an ecosystem. 



1 Reducers 
a * bacteria . 



^b : furigl. 
a ;J 2 Producers (plants) 



3 Consumers 

a Detritivqres and bacterial feeders 
b * Herbivores 
. c Predators \ 
C Economy of °Survey 

1 Manpower 

2 Time 

3 Equipment 

si 

D ' Extensive Supporting Literature 
E Advantages, of the Wcrobenthos 

1 Relatively sessile 

2 ^ Life history length 

3 Fish food organisms 

r 

. 4 Reliability of Sampling 

5 Dollars /info rmation w 

6 Predictability 

* + 7- Universality 

F "For subtle chemical changes. 

unequivocal dajta, and observations , 
suited to some, statistical evaluation will- 
be needed. This requirement fav&rs the 
macrofaiina as a.parameter. Macro- 
invertebrates, are easier to sample 
reproductively than other organisms, t 
numerical estimates are possible and 
texonomy needed for^synoptic investi- , 
gatiohs is within ►the- reach of a ndn-- . 
specialist." (Wuhrmann) 

Gr/"lt is self-evident that for a. multitude of 
rion-identifiable though biologically active 
changes of chemical conditions in rivers, 
small organisms with high physiological ( 
differentiation are most responsive. 
> „ Thus the pmall macroinvertebrates^ 
(e. g. insects) are doubtlessly the most 
sensitive organisms for demonstrating 
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unspecified changes of water • 
chemistry called /pollution' . 
Progrels in knowledge on useful 
autecological properties of 
organisms .q* of transfer of such , . 
knowledjpMnto bioassay practice 
has been very, small in the past. 
Thus, the bioapsay concept 
(relation of organisms in a 
stream to water quality) in * \ * 

w&fer chemistry has brought not 
much more than visual demon- 
stration of a few overall chemical 
effects* Ouy capability to derive 
chemical conditfons from biological 
1 observations is, therefore, almost 
' on the same level as fifty years ago* „ ■ 
In the author's opinion it is idle 'to ■ 
expect rpnch more in the futurfe because 
of the limitations inherent to natural bio- 
assay systems (relation .of organisms • 
in a stream to water quality). % \ (Wuhrmann) 



y REACTIONS OF /THE BENTHIC MACRO- 
INVERTEBRATE COMMUNITY TO 
PERTURBATIOfN j 

. A Destruction of Onanism Types 

1 Beginning with the. most sensitive 
v forms, pollutants kill in order* t>f 

sensitivity until the most tolerant form 
is the last survivor. This results in a 
< reduction of, variety or diversity x>V . 
organisms. • < 

2 The generalized 'order ot macro- 
invertebrate disappearance on a 
sensitivity scale below pollution 
sources is shown ifr Figure 2 . x 
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cAs water quality improves, these < 
tend to reappear in the same order. 

; .^The Number of Survivors Increase^ ^ v 

1 Competition and predatibn are^ reduced 
\ * ^ between different species. ^ * 

2 When, the pollutant is a fodd (plants, 
.fertilizers, animal^ organic materials). 

. . > .' * 

C The Number of Survivors Decrease 

•>* 

1 The'materiaTadded is toxic o? has no • 
food value. fcX » 

2 The material added produces toxic 
7~conditions as a byproduct-of decomr 

position (e.*g. , large organic loadings 
produce an anaerobic environment 
resulting in the production of toxic 
sulfides, methanes, etc;) } . 

D The Effects May be Manifest in Com- 
binations * ■ 

1 Of pollutants and their effects. 

<* 

... 

• -s? *" ' ' 

*2 Vary with longitudinal distribution ^ 
*in a stream. (Figure 1) — 

E Tolerance to Enrichment Grouping 4 
* (Figure 2) . ^ • 

Flexibility must be maintained in the . * ; 
establishment of tolerance lists* based 
on the response of organisms to the 

. environment be cause of complex- relation- r 
ships* among varying environmental ^ 
conditions. Some general tolerance 
patterns can be established. Stonefly' 
and mayfly nymphs, hellgrammites, 

. and caddisfly larvae' represent a grouping „ 

_ ^sensitive o;r intolerant) that is generally 

<piite r sensitive to environmental ■ * . " , 
changes. B^ckfly/larva'e, scuds, sow): 

**bugs, snails, finf^rnail clamsr dragon- 
fly and damsedfly naiads,- and mbst ^\ . : " 
kinds, of inidge larvae £*re facultative " 
* (or intermediate) in tolerance. ' : c/> 
Sludge- worms, some kinds of midge 
larvae (bloodworms), and some leeches 
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' four basic resj^onsei of bottom 'animal* t6 polluft 
A. Organic wastes eliminate the sensitive bottom anttals 
and provide food in the form of sludges for the surrivingjfoler- 
ant forms* B. Large quantities of decomposing orgart*>*astes 
eliminate sensitive bottom animals and ♦ the* excessive quanti- 
ties of byproducts of organic decomposition inhibit the tolerant- 
forms; in time! with natural stream purification/ water quality 
improveJUo that the tolerant forms can flourish,' utilizhlg the 
sludges as food. C. Toxic materials elirnmateNhesensitive 
bottom animals; sludge is. absent and food is restricted^toJfeat 
naturally' occurring' in the stream, which limits the; number 
tolerant surviving, forms. Very toxic materials may eliminate 
all organisms below a waste source. D. Organic sludges with 
toxic materials reduce the number of kinds by e liminatin g 
sensitive forms. .Tolerant survivor* do not utilize the .organic 
sludges "because the toxicity restricts their growth. - 



Figure 1 



are tolerant to comparatively heavy loads* 
- of organic, ppllutants. Sewage mosquitoes *r 
and rat-tailed maggots are tolerant of, 
anaerobic environments for they are 
essentially air-breathers* 



F Structural Limitations 



1 The, morphological structure of a 
species limits the type of environment 

\it may occupy. h I ~** 

* ■*» 

a Species with complex appendages 
^ and exposed complicated respiratory 
•structures, su.ch as stonefly 
nymphs, • mayfly nymphs, and * * * 
caddisfly larvae, that are subje'cte 
to a constant'deluge of setteable 
particulate* matter 'Soon abandon 
the polluted area because the 
constant preening reqfiliffed^ta main- 
tain mobility or respiratory func- 
tions; 9therwise, they, are sodn 
smothered. 

b Benthic animals depositing zones 
mayalsc^be burdened fe^ : "sewage 
fungus' 1 growths including'' stalked; 
protozoans. Many of these stalked 
protozoans are host -specific. 

2 Species .without complicated external 
structures, such as bloodworms and 
sludgeworms, are not so limited in 

* adaptability. . 

a ^^Mg^fdrm, for exarr^ple^an r 
burrow in' a deluge of particulate 
org^ic4riatter and flourish plfthe 
, . . abundance of "manna. if * 

b Morphology also determines the 
species that, are fowi<i in riffles, on' 
■vegetation, on th^bottorn of -pools; 
or irj, bottom deposits. 
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VI* . SAMPLING PROCEDURES 
A' Fauna 





. Qualitative sampliftg determines the 
variety of specie^ occupying an area. 
Samples may be taken by any method 
that will capture representativea of the j 
specie^ 'present. Collections from 
such samplings indicate changes in U15 
environment, but generally do no*^ 
accurate^ reflectahe degree of chaise. 
'Mayflies, for example, may be re- 
duced from 100 to 1 per square meter. 
Qualitative data would indicate the 
presence of both species, but might not ^ 
necessarily delineate the change in pre- 
dominance/from mayflies to sludge- 
wdrmsv The stop net or kick sampling 
tec&nique/fi§ often used. * \ % 

Quantitative sampling is performed to 
observe changes ip predominance. 
The most common qi&ntifktive sampling 
tools are the Petersen, Ekman, *nd Ponak 
grabs and the SoJirber streaxh bottom pr 
square-foot sampler. Of these, the 
Petersen grab/samples the widest variety 
pf substrates. The Ekman grab is liiAited 
-to fine-textured and soft substrates, such 
a^ silt and sludge, unless hydraulically 
operated. % 



The Surber sampler is designed for < 

sampling riffle areas; it requires - _ ) 

'moving water to transport dislodged c 

organisms into its net and is v Hmited $ 

to depths of twtf feet or less. . ' - ^ 

Kick skmples of one minute duration will • 
usually yield around 1, 000 macroinvert- 
ebrates per square meter (10, 5 a one 
minute kick= organisms /ni*). 

Manipulated substrates (often referred to 1 * 
as "artificial substrates") are * \ J ^^ " 

placed in a 'stream and left for a specific*^ 
time period. Benthic ma croinverteb rates 
readily colonize these forming a manipu- 
lated community. Substrates may be con- * 
"structed of natural materials or synthetic; / - 
may be placed in a natural situation or 
unnatural; and may or may not resemble 
the normal stream community. The 1 
poipt being that a great number of envi< 
ronmental variables are standardized and 
thus upstream and downstream* stations 
may be legitimately iompared in terms- of 
water quality of the moving water column. 
They naturally do not evaluate what may 
or may not be happening to the substrate 
beneath said riionitor; The latter could 
easily be the;*more important. " 



REPRESENTATIVE BOTTOM- DWE LLING MA CROA NIMA LS ^ 
Drawings* from Geckler, j ff K, M. Ma ckenthun and W.M .^Ingrain, 1963. 
Glossary of Commonly Used Biological and Related Terms in Water and* 
Waste Water Control, DHtfW, PHS, Cincinnati, Ohio, Pub, No. 999-WF-2. 
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(gie^coptera) 



Stonefly nymph 

Mayfly nymph (Ephemerbptera) 
HeUgrammite or 
Dobsonfly larvae { 
Caddisfly larvae 
Black fly larvae. 
Scud 

Aquatic sowbug 
Snails 



i(M6gjalopt*era)' 
(Trichoptera) 
(SimuliidaeV 
(Amphipoda) • 
(Isopod^r"- 
(Gastropoda) * 



I Fingernail clam 
J Damselfly naiad 
K Dragonfly naiad 
L Bloodworm or mi 

fly larvae 
M Leech 
N Sludgeworm 
O Sewage- fly larvae 
P Rat bailed maggot 



(Sfrhaeriidae) 
(Zygoptera)- 
(Anisoptera) 
dge 

( Chironomtdae) 

(Hirudinea)' 
(Tubificidae) 
(Psychodidae) 
(Tubifera-Eris talis) 



KEY TO FIGURE 2 
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Invertebrates which are part of the 
benthos, but under certain conditions 
become carried downstream in 
appreciable numbers, are known as 
Drift, ' 



. Groups wbiqh have members forming 
• a conspicuous part of the drift 

include the insect orders Ephemeroptera, 

Trichoptera, Plecoptera and the 

crustacean order Amphipoda. 

Drift net studies are widely used and 
have a proven validity in stream 
water quality studies. " 

5 The collected sample is screened "With 
a standard sieve to concentrate the 
organisms; these are sorted from 
the retained material, and the nupiber 

of each kind determined. Data are then 
adjusted to number per unit area, 
usually to number "of bottom organisms 
per square meter. 

6 Independently, neither qualitative not 
quantitative data suffice for thorough 
analyses of environmental conditions. 
A cursory examination to detect damage 
may be made With* either method, but 

a combination of the two gives a Ynore 
precise determination. If a choice ipust 
be, made, quantitative sampling would 
" be best, because it incorporates a 

partial qualitative, sample. - ; 

7 Studies have' shown, that a significant. • 
number and variety of macroinverte- 
brates. inhabit the 'hygorheic zone in streams. 
As much as 80%*of the macrdinverte- 
brajes may be below 5 cm in this - 
hyporheic zone. ^ Most samples and * 
sampling techniques do not penetrate 

the substrate below the 5 cm depth. 

All quantitative ^studies must take* this 

and other substrate, factors into account 
' when absolute figures are presented on 

standing crop and hun&bers per square 
- meter, etc* ^ _ • * ' 



B Flora * 

1 Direct quantitative sampling of natu- j 
rally growing bottom algae is difficult. j 
It is basically one of collecting algae ! 
from a standard or uniform area of the ' • ; * 
bottom, substrates without disturbing - 
" „ the deiicate growths and thereby dis- i 
tort the sample. Indirect quantitative^^ 
sampliffg is the best available method. 



Mahipulated Substrates, such as wa£d 
blocks, glass or plexiglass slides, 
bricks, etc. , are placed in a stream. 

' Bottom-attached algae will grow on 
these artificial substrates. After two 
or more weeks, the artificial sub- 
strates are removed fot analysis. p 
Algal growths are scraped from the 

; substrates and the quantity measured. 
Since the exposed substrate area and 
exposure periods are^ equal at all of 
the sampling sites, differences in the 
quantity of algae can be related 'tp 
changes in the quality of /water flowing 
over toie substrates. 



VII ANALYSES OF MICROFLORA 



A Enumeration 



The quantity pf algae on, manipulated 
substrates can be measured in several 
ways. Microscopic counts of algal- 
cells and dry Weight of a algal mater- 
ial are long established methods. 



r ■ 

'I 




Microscopic counts involve thorbugh. 
scraping, mixing and suspension of 
the algal cells. From this mixture 
an aliquot of hells is withdrawn for 
^numeration under a microscope. rj 
Dry weight is determined by drying 
and weighing the algal sample, then 
igniting the sample to burn off the* ' ■ 
algal materials, leaving inert inorga&c 
'materials that are -again weighed. v J' ; 

The difference betweenjiiitial dry ^eight 
and weight after ignition* is attributed s tb| 
algae* . / 

Any organic sediments, however, 
that settle oi? 'the substrate along 
with the algae are processed also. 

16-7 
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Thus, if organic wastes are present 
appreciable errors may enter into 
this method* 



B.| Chlorophyll. Analysis 

I During the past decade, chlorophyll 
analysis -has become a. popular imettod 
t for estimating algal growth. Chloro- 
phyll is extracted^from *the algae and 
is used as ah index of the quantity of 
algae present. 'The advantages of 
chlorophylTanalysis are rapidity, 
simplicity, and- vivid pictorial results. 



» , ■ . . „ Ash-free Wgt (mg/m ) 

Autotrophic index * chlorophyll a (mg/m ») 



I The algae are scrubbed from the 
artificial substrate samples, ground, 
then ea'ch sample is steeped in equal 
volumes, 90% aqueous acetone, which, 
extracts the chlorophyll frpm the algal 
cells. .The chlorophyll extracts may 
be compared visually. - % * * v 

3 Because the cholorophyll extracts fade 
with time, colorimetry should be used 
fqr permanent records. For routine 
records, simple colorimeters will 
suffice. At very high cholorophyll 
densities, interference with, colori- 
metry occurs, which must be corrected 
through serial dilution of the saniple 
* **»; or with a nomograph. , . 

C ' Autotrophic Index • 

# The chlorophyll content of the periphyton 
is-'used to estimate the algal biomass and 
as an indicator of the nutrient content 
(or trophic Status) or toxicity of the water 
7$ and the»taxonomic composition of the % 
*^ community. P v eiiphytqn growing in sur- 
face water relatively free ,bf organic 
• ^pbllution consists largely of algae, 
V^which contain approximately' 1 to 2 percent 
' t /chlorophyll a,by dry weight^ , If dissolved 
pi or particidate^ organic matter is present 
> imhigh concentrations,, large populations 
? / of filamentous bacteria, stalked, protozoa, 
and .otter ttoncMoroph^l] . bearing micro- 
organisms dgyelo]3 f and tte/percentage 
, of cWLorppliy^is ^jtten,x^dtaced ?>i :if tte , > 
: ^Biomass-chiorophyli a relationship - 

is expressed as a^iatipn^tte autqtro.- 
„ ptoc;index)i, values: greater ;tt 100 
- ima^resUlt ;fr<W organic pollution . 
; ^ (Wei^r -and McFarlkiid^ 196?; Webe^T 



VIII MACROINVERTEBRATE ANALYSES 

A Taxonomic 

The taxonomic level to which animals kre / 
identified depends on the needs, experience, 
and availablejiresources. However, the 
taxonomic level to which identifications £re 
carried in each major group should t^p 
constant throughout a. given study. 

B Biomass * 

Macroinvertebrate biomass (weight of 
organisms, per unit area) is a useful 
quantitative estimation of standing crop. 

C Reporting Units ' 



Data from quantitative samples may be used 
to obtain: — 

1 Total standing crop of individuals, or 
biomass, .or both per unit area or unit 
volume' or sample unit, and 9 



2 Numbers of biomass, or>both, of individual 
taxa per unit 'area or'tinit volume or sample 
unit, ■ 

3 j Data from devices sampling* a unit area 

of bottom will be reported in grams dry 
weight or ashgfree dry weight per square 
meter, (gm/m ), or numbers of iridi— 
.viduals per square meter, or both, 

4 Data f roil multiplate samplers, will be 
reported in terms of the total surface 
area of the plates in grams dry weight 
or ash-free dry weight or numbers of . 
individ^s-per square meter, or both. 

5 Data from rock-filled basket samplers 
will bef reported as grams tfry weight - 
*6r numbers of individuals per sampler, 
or both. 
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IX FACTORS INVOLVED I*f DATA INTER- 
PRETATION 

Two very important factors in data evalua- : 
tibn are a thorough knowledge of conditions 
under yrhich the data were collected «pd a 
critical assessment of the reliability of the 
data f s representation of the situation, 

* 

A Maximum- Minimum Values 

**■ 

The evaluation of physical and chemical 
data to determine their effects qn aquatic 
organisms is primarily dependent on 
maximum and minimum observed values. 
The mean is useful qnly when the data are 
' relatively uniform. The minimum or 
maximum values usually create acute * 
conditions in the environment, r 



reasons, the bottom fauna of a lake or* 
— impoundment, or stream pool cannot be 
directly compared with that of a flowing) 
* stream riffle.* 

D Extrapolation 



B Identification 



Precise identification of organisms to 
species requires a specialist in limited 
taxonomic groups. Many immature , 
aquatic forms have not been associated 
with the adult species. Therefore, ona 
who is certain of the genus but not the 
species should utilize the generic name, 
not a potentially incorrect species name. 
The method of. interpreting biological 
data on the basis^of numbers of kinds 
and numbers of organisms will typically ■ 
suffice. ' " ' 



G Lake and Stream Influenced 

' Physical, characteristics of a body of 
water also affect animal populations. 
^ Lakes or impoimdeij-bodles of water, 
supp&rt different f aunal associations 
from rivers. The number bf kinds 
present in a lake jxiay be less than that ' 
found iff a stream because of a more 
uniform habitat. A lake is all pool, . 
but a river ia composed *of both. pools * 
' and riffles. The nonhowiig Water, pf 
lake exhibits a; more complete set- 
tlifag ofipartlc^te organic matter that 
natural^ siipgorts^ a'higher population 
of detritus consumers. For, tfcese 



How can bottom-dwelling macrofauna data 
, be extrapolated to other environmental 
components? It must be borne in mind 
thki a component of the total environment 
is being sampled. If the sampled com- ' 
pohent exhibits changes, then so must the 
othef* interdependent components of the 
environment. For example, a clean stream 
with a wide variety of desirable bdttom 
organisms would be expected to have a 
wide variety of desirable 1 bottom fishes; 
* when pollution reduces the number of bottom 
organisms, a comparable reduction would 
be expected in the number of fishes. More- 
over, it would be logical to conclude that 
any factor that eliminates all bottom-organ- 
isms would eliminate most other aquatic 
forms of life. A clean stream with a wide 
variety of desirablfe bottom organisms 
would be expected to permit a variety of 
recreational, municipal and industrial uses. 

E Expression -of Data 

1 Standing crop andltaxonomic composition * 

i 

Standing crop and numbers oftaxa (types 
or kinds) in a. community are/highly 
sensitive to environmental perturbations 
resulting from the introduction oLcontam- 
inants. These parameters, particularly 
standing crop, may v^ry Considerably in 
unpolluted habitats, where t hey may range 
from the typically high standing crop of 
littoral zones of glacial lakes to the 
sparse fauna of torrential soft-water 
streams; Thus, it is important that 
comparisgns are made only between truly 
comparable environments. 
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2 Diversity 

- Diversity indices are an additional tool * 
for measuring the quality of the environ- 

„ merit and the' effect of induced stress on 
the structure of a'community of macro - 
invertebrates . TJieir use is based on 
the generally observed phenomenon that 
relatively undisturbed environments 
support communities having large * 
numbers of species with nq> individual 
species present in overwhelming 
abundance, *fi the species "in such a 
community are ranked on the basis of 
their numerical abundance, there will 
be relatively few species with large 
numbers of individuals and large . 
numbers of species represented 'b^oMy 
a few individuals* Many forms of stress 
tend to reduce diversity by making the 
environment ^unsuitable for' some species 
or by giving other species a competitive 
ackrantage* 

JJ^Inaicator-orgamsm scheme (^at-tailed 
• maggot studies) 



4 Reference station methods 

Comparative or control, station methods 
compare the qualitative characteristics 
of the fauna in clean water "iiabttats with 
those of fauna in habitats subject to stress. 
Stations ar£ compared on the basis of 
richness, o|. species. , m ; 



/ if adequate background data are avail- 
/ able to an experienced investigator, 

these techniques can prove quite useful— 
" particularly for the purpose of demon- 
„s|rating.the effect^.of jjross to moderate 
organic contamination on the macro- 
invertebrate community. To detect 
more subtle changes in the macroinvef- 
tebrate community, collect, quantitative 
data on numbers or biomass^f organism 
Data on the presence of tolerant and 
intolerant taxa and richness of species 
may be effectively summarized for evalu 
ation and presentation by means of line 
graphs,, bar graphs, pie diagrams, 
histograms, or pictoral diagrams. 

X IMPORTANT ASSOCIATED ANALYSES 
A The Chemical Envirpnment *©/ 

1 Dissolved oxygen 

2 Nutrients 

3 Toxic materials 

4 Acidity and alkalinity 
- 5 Etc. 

B The* Physical Environment 
m 

1 Suspended solids ^ 

2 Temperature 

3 Light penetrajjgn 

4 Sediment composition 

5 Etc. 

XI AREAS IN WHICH BENTHIC STUDIES 
CAN BEST BE APPLIED \ - 

A' Damage Assessment or Stream .Health 

If a stream is? suffering from abuse the - 
biota will so indicate. A biologist can 
determine damages by looking at the 
"critter" assemblage in a matter of 
minutes*. Usually, if damages are not 
found, it wili not be neqessary to alert ' 
* the remainder of the agency's staff; 



( 

c 



a For this technique, the individual 
taxa are classified on the^basis qf 
their tolgrance or intolerance to V 

* various levels of pUtrescible wastes. 
Taxa are classified according to 
their presence or absence of 
different environments as "deter 7 
mined by field studies.- Some 
reduce data based on the presence 
or absence of indicator organisms 
to a simple numerical form for ease 
in presentation. 

h * • * 

b /Biologists are engaging in fruit - 

' less exercise if they intend to make 

any decisions about indicator 

organisms; by operating at the , * j 

gerferic level of macroinvertebrate 

identifications. ft (Resh and Unzicker) 
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pack all the equipment, pay travel and per 
diem/ and then wait five days before 
enough data can be assembled to begin 
evaluation. 

B By determining wKat damages have been 
- done/ the potential cause "list 11 can be 
reduced to a few items for emphasis and 
the entire "wonderful worlds 11 of science 
and engineering need not be practiced with 
the result that much data are discarded 
later because they were not applicable "to * 
the problem being investigated. • 

C Good berithic data associated with chemi- 
cal, physical, and engineering data can 
be used to predict the direction of future 
changes and to estimate the amount of 
pollutants that need to be removed from 
the toaterygys to tfiake^them proactive*. „ 
and useful once more. 

D The benthic macroinvertebrates are an 
easily used index to stream health that 
citizens *nay use in str'eam improve- 
> - ment' programs. "Adopt-a-stream" 
efforts Jiave succesrailly used simple 
macroinvertebrate indices. 

E The potential for restoring biological 
integrity in our flowing streams using 
macroinvertebrates has barely been 
touched. 

% 
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THE INTERPRETATION OF BIOLOGICAL DATA 
WITH REFERENCE TO WATER QUALITY 



.1 INTRODUCTION 




Sanitary engineer s'like to have data 
presented*?© thenr in a readily assimilable 
form and some of tiiemgeem a little g, 
impatient with biologists who appear unable 
to provide definite quantitative criteria 
applicable to all kinds of water conditions. 
I think the- feeling tends to be A that this is ^ 
the fault of biologists, and if they would' 
only pull themselves out of the scientific 
stone-age all would be«weU. I wil^try-to 
explain here why I believe that biological 
data can never be absolute nor interpret - 
able Without a certain amount of expertise. 

^ # In this respect^biologists resemble medical 
men who make their diagnoses against , 
complex background of detailed knowledge/ 
Anyone can diagnose an open wound but.it 
takes a doctor to identify an obscure 
disease; and although he can explain how 
he does it he cannot pass on his knowledge 
in that one explanation. "Similarly, one 
does not need. an expert to recognize gross 
organic pollution, but only a biologist can 
interpret more ^subtle biological conditions 
in a water,body;,and here again he can 
explain how he does it,* but tfiat does not 

.Toalce his hearer a biologist. Beck (1957) t 
said something similar^at a previous ° 
symposium in Cincinnati in 1956. 



H THE 'COMPJLEXITY OF BIOLOGICAL^ 
% REACTIONS TO WATE^ CONDITIONS 

* ' ' ' * . * C 

A Complexity of /the Aquatic Habitat,.. 

The, aquatic habitat 4s complex and 
consists.not only of water ;But of the 
^substrata beneath it, which *mfety be J{ 
,f ^^dy indirectly i^uendediy ihjs quklity 
of the, water .\ .Moreover, in, biological*, 
terinjb* watjer quality includes such , 
'features aslrate.of flow, and tempera- 
ture, regime, ^hich/are a np^crasidereji 
of direct importance by the "chemist. 



To many animals and plants, maximum 
summer temperature or maximum 
rate of flow i§ jife* a f impbrtanfas. . . 
minimuin oxygen tension. The result 
is that inland waters provide an 
erformous array of different^com- 
binations of conditibns, each^of which ■ 
has its own community of plants and 
animals; and the variety of species 
involved is very great. Thus, for 
example, Germany has about 6000 ^ 
species of aquatic animals (ULies 1961a) 
and probably at least as many species 

* Of plants. Yet Europe has a rather 
restricted fauna because of the 
Pleistocene-ice age; in most other 
parts of the world the flora and fauna 
are even richer. • " * Jw 

Distribution ofSpecies and Environ^ 
mental Factors 

W9 know y sometfi\ng about the way in 
which species are distributed in the 
various habitats, especially in the 
relatively much studied continent of * - 
Europe, but we have, as yet, little 
idea as to what factors or. combination 
of fafctors actually control the individual 
species. , o 

1 ; Iffipt>rtant ecological factors u 

> Thus, it is possiole.to list the , - 
groups of organismsfthat occur in 
swiftVstony upland river^ , 
(rhithrbn in the sense -ofjilies; 
- . 1961b) and to contrast them .with . . * 
* those of the lower slliggish reaches 
tpotarrion). Similarly we know* 
' more or leiSP, the different floras 
and faunas Sve can expect in 
infertile (oligotrpphicfand fertile 
(eutrppl^ic) Ibices. Wfe are, however, 
much leBS informed as to. just what ' 
^ . ecoZogijial factors cause theSe 
differences* We know they include 

* temperature and its yearly , , 
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amplitude; oxygen, particularly at 
minimalleyels; plant nutrients, 
such as nitrate, "phosphate, silica, 
and bicarbonate; other ions in - 
solutlprf, including calciuni, chloride, 
and possibly hydrogen; dissolved 
organic mattefr, which is necessary 
for some Bacteria and fungi and 
probably for. somje algae; the nature 
of the substratum; and current. 

Complexity of interacting factors, 
» 

We also know^these factors can 
interact in a complex manner and 
that tli eir action" on any particular 
organisjn can be indirect through 
other members^of the biota, 

a- In.duced Tperiphyton growths 

'* Heavy growths of encrusting 
algae induced by large amounts 
of plant nutrients, <of of - • ' % 
bacteria induced by ample 

~ suppl ie s of or gan ic-matter, 

• can eliminate or decimate ' 
populations of litfiophile insects 

. '-by simply mechanical; inter- 
ference. But the^chahge does k 
not stop there} the growths 
thefaiselves provide habitats^, 
for the animals, such as\j||^ 
Chironomidae and Naidid worms, 
which c<5uld not otherwise live 
on the stones, "* 

!b ' Oxygen levels and depositing v 
•substrates X . 

If oxygen conditions over a, 

muddy bottom reach levels 

jusrt low enough to, be intolerable- 

• to leeches, ^ubificid worms, 

" which $he leeches normally: ✓ 
hold in check, are able to build^ 
up to enbrmqus numbers * 
especially as^ some of their 
competitors (et g. Chironomus) 
are also .eliminated; ' o 



c" Oxygen levels and non muddy 
substrates* ' 

One then finds the typical 
outburst -of sludge wornis< so 
often cited as indicators of ^ 
pollution. This does not 
happen if the same oxygen 
tension occurs over sand or 
„ rock, however, as these are 

not suitable substrata for "the 

worms." Many such examples 
could be> given, but they would 
only be ones we understand; 

' . there must be a far greater^ 

number about which we know 
nothing. * 

- 1 d One must conclude, therefore, 
n that quite simple chemical 

- v r changes can produce far- 1 

reaching biological effects; A 
that^we- only understand a 
small proportion of them; and 
that they are not always the 
same. # , 

3. Classic examples 

This seems like a note of despair, 
' .however, if water quality deviates 

too far from norjnal, the effects. 
. are immediately apparent, ' Thus, 
— poisonous substances, eliminate 
.many species~and may leave fio 

• — animal& (Hynes 1960); excessive 

quantities pf°salt remove all 
leeches, amphipod^r an d most 
; . insects tod l&ave a fauna cor\- , 
sisting largely. of Chironomidae?; 
cad4is worms, and oligochaetes 
" ^ iAlbrecht 1954) and excessive 
' amounts of dissolved organic 
/ matter give rise to carpets of 
^ sewage fungus, which never occur 
^ natural^. Here.no greafcbiologi- 
cal expertise. is needed, and there 
is little difficulty in the „ ' 
- Vommunication oil rfesults, IfTts 

when effects. ar e sli ghter and more 
subtle that biological findings 
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become difficult to transmit 
intelligibly to other disciplines. 



THE PROBLEMS IN PRESENTATION 
-OF BIOLOGICA L RESULTS 



Because of these difficulties various 
attempts have been made to simplify the ^ 
presentation of biological findings, but to 
my^mirid none of them is very successful 
because of the complexity of the subject^ 
"Early attempts at systerhatization developed 
alinost independently on the two sides of 
the Atlantic, although they had. some - s 
similarities, * . 

-A Early Studies* in the United States 
(Richardson and the Illinois River) , 

In America, there was a simple division^ 

* into zones of pollution, e, g." degradation, 
septic, and recovery, which were 
characterized in broad general terms. 
This simple, textbop^ .approach is 
summarized by Whipple kt al» (1947), 
and serves fairly well for categorizing 
gross organic pollution such as has been 
mentioned above. It was, however-, 
soon found by Richardson (1929) during , 
his classical studies oh the' Illinois 
River- that typical ''indicators- 11 of foul" 
conditions, such as Tubificidae and 
Chironomus , were not always' pre sent 

•where they wptild be expected to occur. 
This was ariTearly indication that it is 
* m hot'xhe water quality itself that provides • 
suitable conditions for "pollution faunas, 11 

* but other, usually associated", conditions. - 
in this instance ,depo"feits of rich organic 

* mud. S;ifch corjctitions may, in fact, be 
^present in places where water quality 

ixi no way^esemjples pollution, e, g, , 
upstream oPweirSLin trout streams 
Where autumn leaves accumulate and. 
decay and cause the development of " 
biota typical .of organ! caUy polluted 
' watery Samples: must therefore be ^ 
judged against. a background^of biological 
. Knowledge, Richardson was^fully .aware 
. of tiiis arid ^jd'-in : no^(7ubt'^out the - 
condition of ihe HUriois lUver even in 
places wh6re his : samples showed few 
&or ho*polluti6n indicators^ 



*B The European Saprpbic System . , 

; In Europe, the initial stress was 
primarily on microorganisms and 
% results were first opdified in the 
' early years of the' century by 
Kolkwitz^and Marsson, In'this 
"Saprobiensystem, 11 zones of organic 
^pollution similar to those described 
.by the American workers were defined 
and organisms were listed as charac- 
teristic of one 6r more zones; 



TABLE 1 



SAPROBIENSYSTEM - A European system 
of classifying organisms according to their 
response to the organic pollution in slow' 
moving streams, (2"2) 

t. * * 
« Alpha -Mfesosaffrobic fone - Area of 

active decomposition, partly aerobic, 

^partly anaerobic, in a stream heavily 

polluted with organic wastes. x 

Beta-Mesosaprobic Zone - That reach 
of stream that J.s moderately polluted 
. with organic wastes, 

Oligosaprobic Zone - That 'reach of a 
stream that is slightly polluted "With 
organic wastes and contains the 

• mineralized products of self- ' 4 
purification 'from organic pollution, 
but with none of the organic pollutants 
remaining. 
✓ • 

, JPolysaprobic Zone - That area of a * 
grossly polluted stream which contains 
the complex organic wastes that are' 
decomposing primarily by anaerobic 
processes. 



A recent exposition of this list-is- 
given >; by Kolkwitz (1950). It was then 
claimed that with a list of the species 
iPi^urxtog at a particular point it was 
possible to allocate it.to a saprobic 
. zone. . This system early met with 
"criticism for several reasons. First, 
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TABLE 2 

SAPROBfCITY* LEVELS ACCORDING'TO THE* TROPHIC 
. gTRTJCTUREkpF THE COMMUNITIES OF ORGANISMS, 



fcSaprobici^y Level 



Structure of the Communities of Organisms 



I /3-oligosaprobic 



Balanced relationship between producers, consumers 
and destroyers; the coxrfmunities of organisms are 
poor in individuals but there is v 'a moderate variety of 
species, small biomass and low bioactivity. * 



II a-oligbsaprobic 



4 % - 



Balanced relationship between producers, consumers 
and destroyers;. communities of organisms are rich in 
individuals and species with a large biomass and high 
b\oat;tivity. 



III /3-mesosaprobic 



Substantially balanced relationship between producers, 
consumers and destroyers; a relative increase in the 
abundance of destroyers and, accordingly, of the con- 
sumers living off them; communities of organisms are 
rich in individuals and species with a large biomass and 
high bioactivity. 



IV a-Ynesosaprobic 



V 0-pblysaprobic 



Producers decline as compared with an increase in 
consumers and destroyers; mixotrophic and amphitrophic 
forms predominate among the producers; communities of 
organisms rich-in individuals but poor in species with, a 
lafrge biomass and extremely "high bioactivity; 'still only 
few species of macro -organisms* mass development of 

bacteria and bacteria-eating ciliates. * 
■ _ — — 

Inducers drastically decline; communities of organisms 
arc extremely rich in individuals but poor in»species with. % 
a large biomass and high bioactivity; macrofauna represented 
only .by a few>species of tubificids and chironomids; as in 
*IV these are iKlgreat abundance; mass development of 
bacteria and batateria -eat\ng ciliates • I 



VI a-polysaprobic 



Producers are absent; ^fie total biomsfes^is formed 
practically solely by anaerpbip baicteVia and fungi; 
macro -organisms arelabsent; flagellates, outnumber 
ciliates amongst the prptozoa. *. 



Saprobicity - ,! Within the bioactivity of a body of water, Saprobicity is the sum 
total of all those metabolic processes which are the antithesis of 
primary produqtio^^Itis i therefore the sum^total of all those^ \ ■ 
processes ^which„are accompanied by a loss of potential energy. u 
, Parti, Prague Convention. ' • " '% / * 
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all' the organisms listed Occurred in 
*" natutal c iiabitats~rthey were not evolved* , 
'in polluted watef*--and t^iere was much . 
dqabt as to the placing of many of the 
species in the lists. .; The system, how-_ , 
, ever, ^Id'sepyecto codify »ec6logicaI s/N 
know led*ge about a long list of specie^ 
- 'aldng an extended^trophic scale, ° Its 
weaknesses appeared to be:merely due 
to lack of knowledge; such a rigid, . 

• system'took f^r too little account .o^ the 

, v complexity of the reaction of organisms ■' 
to their habitats. .For instance^, many 
organisms caii be -found, albeit rarely, 
.in a wid© frange of conditions and Others- - 

' may occur in restricted zones for. 
reasons-that have nothing tp do with . * 
water quality. We often do not know if " 
organisms -confined to" clean headwaters 
are Jcept^there.by high oxygen content, 
low summer temperatures; ,or inability 
to cqmpete with other species uhder ; m » 
qther .conditions. In thje .swift waters of 

• Switzerland the system broke down in / 
that- some organisms Appeared in more, 
polluted zones than their position, in the' 
lists would in di^caf^. Presuiyiably here 
the cohtrplling factbr wa£* oxygen, whfth 
was relatively plentiful in turbulent cold 
water. IrTa recent series of experiments 1 , ( 
Zimmerman (196-2) has proven that^ 
current alone has jbl' great influence on 

the biota,' and identically polluted water 
flowing at different speeds produces 

• biotjc communities characteristic of 
different saprobie levels. He finds this 

* surprising, but to me it seems an " 

expected result, for the reasons given 
above* 

C Recfent A dva:!!^^^ the Saprobie System 

0 ' 

1 Perhaps Zimmerman \s surprise - 
reflects the deeply rooted entrench-, 
ment - qf the Saprobiensystem in 
" » > Central Europe. Despitfe its bbvibus 
shortcomings it has been revised 
• and extended, Ldebmann (19.51) 
introduced the concept 'of consider- 
. ; • ' ing' numj^r as well as occurrence 
: and v£ry rightly pointed out that the-' 
community of organisms is what 
matters- rather:thari mere* species 
lists. But* he did not stress the 



importance qf extrinsic factors, % 
such«£s current, nor. that the 
system can only apply to organic 
pollution and that different types 
of organic pollution, differ in their* 
effects; e. g., carbohydrate solu- 
tions from paper, works produce 
different results from those of 
sewage, as theyrcohtain little 
"nitrogen and very different sus- 
pended solids.; Other worker's 
, (Sladecek 1961 and references 
therein) have subdivided the more 
polluted zones, Which now, instead 
of being merely descriptive, are 
considered to represent definite 
ranges of oxygen Content, BOD,, 
sulfide, and even E. coli populations 
Eve^y water chemist knows that 
BOD'andLoxygen content are not 
directly related and to assume Jhat 
either should be more than vaguely 
related to the complexities of 
biological reactions seems to me 
to indicate a fundamental lack of 
ecological understandings I alsd 
c think it is damaging to the hope of « 

mutual'understanding between the 
. various disciplines' concerned with 
. -water quality to give the impre s sion 
that one can^expect to find^a cloSe 
and rigid refttfionship between 
^water^ qual^^measurements as 

assessed byflifferent sets of 
, parameters.^ Inevitably these 
Eelationsbififs^vary with local con- 
ditions; whit applies in a sluggish 
river in siAnmer will certainly not 
apply to a/mountain stream or even - 
' to. the sdme river in the winter. 
Correlation of data, ..even within 
one discipline, needs understanding, 
knowledge, and judgment, ^ • 

Caspdrs and Schulz (1960V showed ^ 
that tne failure of the system to* 
distinguish between waters tliat are 
nattfrajly productive and tfrose - 
artifically enriched can lead^to 
absurd results. • They studied a 
canal in Hamburg, which "became - 
/of its urban situation can only be 
regarded as gross,JLy"p6lluted. < 
Yet it develops a rich plankton, 
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the cpmposition of-which, according 
• * to the system, shows it-to be 
virtually* clean* 

. D Numerical Application of the Saprobic 

System \.« * * * * c 

» • 

. Once the Saprobiensystem was accepted 
it was logical to attempt to reduce its 
findings to simple figures or graphs for 
presentation of results ♦ Several such 
methods were'cleveloped, .which, are 
' described by Tumpli»g~( 1960), WK& also 
gives, the original references* In all . 
these methods, the abundance of each 
species is recorded on some sort of # 
logarithmic scale (e.g. ,1 for present, t 
3 for frequent, 5 for common, etc, ). 
The sums of these abundances in, each 
saprpbic level are plotted on graphs, 
the two most polluted zones showing asK 
negative and others as positive.. Or, the 
various s^probic levels are given 
T i numerical values [1 for oligosaprobic 
(clean), 2 for j3-mesosaprobic, etc*] 
&jid the fating foi^each species is J 
mtilti^lied by its abundance nuiAbei?. 
' m 'the sum of all these products divided 
* by the sum of all. the frequencies gives 
a "saprobic index 1 ' for the locality. * 
Clearly the higher this number,, the ^ * 
worse the water quality in terms, of \ t 
organic pdllutiqn, * In a similar wafy the J 
$o -called "relative Belastung 11 (Relative* 
load)itf ; calculated by e^re§sin£ : tne *J 
sums -61 ail the .abundances *5f organisms v 
• ^ .characteristic t)fJJiet^*teost -polluted V 
/ /'' f zon(es afc^ percentage of the'sum of-all 
a, * abltocfcinces., 'Tfieh'100 ^rceAt is *• . / 
cQmpletely j^Hute^watJfT jahd,«lean • ' 
localities will* gjbwefa lofy; fcumb<&; < • ? t 

? 5 ^eakness#5 of the Bs^r^'ijjp £yste*n ^ ^ 

< » . There are various elab^Satfions of these 
. xxvethjbda; /aiichfes shj^l^of species , . - , 
. ? 'between: zofte s' aj^j£a^g!aticouii^f % t 
C changes i^base-li^e^'pne passes C* • . . 
downstream.** None of them; ! however, ^ - 
/eliminate^ the,basic weatajesses of the* 
; V system nor ; the. feet /tl^V^s Gaspers .f~ 

/ littte^agr^ee^nt^etwerej^the^ • %r' 




authors in the assignment orspecies to 
the different levels/ Thepw>re, one 
gains a nunjber or a ftedre tiiat looks 
precise and is easUy^tmder stood, but 
it is based on v&y dubious foundations* 

Comparative North American Systems 

Lr systems are indigenous to 
America, but were independently 
evolved. 

1 Wurtz ( 1955) and Wurtz arid Dolan - 
(1960) describe^ system whereby 
animals are divided into sensitive- f 
^o-pollution and non^sensitive 
(others are ignored), and also into 
burrowing, sessile*- ^d fdraging 
spepies (six classes)* ■ • ' 
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Flgyr* l^HlttograAit, baird pj^ t •Uct^d organltmi , lllwtrating itr«am w . . 
reaches of cUan, degradation, septic, oi\d recovery cortditlont [after 

wu*] {22) <. ' s < ;• . 

* x ^Numbers of these species rep- 
; * £*£§ented are plotted for each station \ 

: / * * *as six histograms on the basis of ^ 

V \ ' •percentage of tbtal number\of : ^ ^ ma . 

f'V w*/ * ' species. If the constitution of the * 
f ■ ^ v ; fauna from control^ stations or from 

* ' ^ v ^ similai: loc^litie^ is fenowii it is * 

♦ • *" ' ^ oB.sible. to expiress numerically 

. "biological depression ,f; (i^e # ; 
4 percentage redaction in total 
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numKer of species), "biological^*- ■ 
distortion 11 (changes in pro- " 
portions of tolerant an>d non-tolerant 
species), and ,! biological skewness lr 
(changes in the.ratios of the three 
habitat classes); Such results must, % 
of course, be evaluated, and the 
definition of tolerance is quite 
subja&Jve; but the method has the # 
advantages of simplicity and depend- 
ence on control data. like the 
> Saprobiensystem, however, it can 
have no universal validity. It, also 
suffers from the fact that it ttfkes \ 
no account of.nurfibers; a sirfgle 
specimen, which may be there by 
accident, carries as much weight 
as a dense population. 

r • 

Patrick (1949) developed a similar 
system in which several clean 
stations.on the water body being > 
investigated are chosen, and the 
average number Of species is deter- 
rffitfed occurring in e^ch of. seVett&V 
groups of taxa chosen because 'of . 
their supposed reaction to. pollution/ 
These are thejf- plotted as seven 
columns of *iqual height* .and data •„ * 
from other statipns Are plowed on . ^ 
the. same' scale; ^i^as.aumed that 
stations aiffe^ring^parkedly from the 
controls will show biological - , 
imbalance in that tlie columns will bij 
of Very unequal heights ,„Jftmrber is . 
indicated by double wkfth'in.anjT" 
column cdhtairfing species with an ,« - 
unusual number .of individuals. *S 
"I have already questioned the use- 
• fulness'rdf this method of prestation 
„(Hynes I960), and doiibt whether it * . 
gives jatfy more readily assimilable 
data than" simple tabulation; it does' 
lidwever, introduce the* concept 9* 
ecolo^cal imbalance.* * * 
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Figure 2. Hitiogroms, bosedon sele^tecTorgonisnts, illustrating healthy, 
semi-healthy, 'polluted, ond very polluted^stotions in Conestoga 
Bostm fa. [ after Patrick J (2 2 ) 9 



, TABLE 3 -4CI ossification ol Groups 
•2 



of Organisms Shown In Figure 2 
OROANISM 



Blwt -green olgoe; green atfoe >of the genera Srigeoc/omum, Spi- 
rogyro, ond Trrtfonerno.^Jje Bdelloid rotifers plus Cephofoc/t/fo 
mego/ocfphofo and Proof eJ der/pitnj 
"Oligochoete*, teecliej, and'pulrtionote snoRs . \ 
Protoxoo — J. * \ " 

Diotoms, red algpe,"and "most of the green olgoe" 
. All rotifers not inducted in Group I, cloms, gill-breathing snails, 
andiriclodid flttworrns * t 

All insects ond cnJstacea * • 
All fish . / , 



II 
III 
,1V - 
V 



VII 



Si 



I 

'/ 

^ / . ■ - ' ■ ^ 

Bes.i (1964)/ ano^er author, * 
recognized the need for a^qncitfe'. n 

- expression'of pollution barsed on 

— biological ^if or mation> Toward 
thi^s end, he developed a me.thod of 
biological scoring wjjich is based on * 
theifrequency of pccurrence of ■ 1 / 
certain macroscopic invertebrates ^* % 
obtained from 6 years of study on ^ 
one.riv^r. . It will be noted ^hat the 
Biological^Score is a mpdification 

' and e^ansion of Beckys Biotic 4 

* Index. i/m t 
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The indicator qrganisms are 
divided into three . categories: " 
Group I contains the pollution- f 

• tolerant species; fcroup II comprises 
those species which are facultative 
with respect to pollution; and 
Group HI contain? the pollutionr 
intolerartf forips. Each group is 

•assign£| a weighted score that can 
be allotted to field samples on tHe 



a 



fallowing basis: 



Normal complement of Group III 
scores* 3 points,* ' •> * 

Normal complement of Groi^a: II 
scores 2 points/ * 



c Normal Complement of Group I 
scores' Lpoint. 

The scores are additive; thus an 
unpolluted stream will'have a 
Biological Score of 6. . If only 
pollution -tolerant forms are founp^' 
the score will be 1. Jf no organisms 
arfe found, the score will be zero. 
• Furthermore^ a score of, 1 or 2 
points could be allotted to Group in 

when less than 1 t{ie normal com- n - 

plement is present. Group II could 
- be -treated in a similar manner.* 
Tj}is scoring device correlated well 
with the biological oxygen demqnd> 
dissolved oxygen; and solids content 
of the receiving water, 'Beak also 
related his scoring device to the 
' fisheries^ potential. This* relation 
spip is Shoavn in liable -4] 



• ! - - ] TABLE 4 

Tentative Relationship of the Biowgical Score to the Fisheries 
Potential Rafter Beak, 1954) (30) 



Bioticinde* ' Fisheries potential • 



* Unpolluted^ * % . ' 
%5 vSli^it to moderate gojlution 



0^ 



Ip 5 %l Sfoder»te 'poUntion 

Moderate to Hesnn> pollution *♦ 



* Heavy pollution 



jusuflly toxic, • 



5 or 4. 

3 
2 

1 

^ 0 - 



4 ^ 

tUI normal fisheries Jor type of 
water «rell developed . - ' L 
> Most •sensitive rlSh species re- 
duced in numbers .or mining 
Only coarse fisheries* maintained 
If fish^present, only those With 
• ' < high toleration of pollution 
, Very little, if any, fishery 
~ No-fish r ~ - - «> — *~ - 



It has lprig been known that r 
ecologically severehabltats con- 
tain fewer species-tHan*hor,mal 
habitats and that the few species 
that can survive the seVere cpn-* 
ditions are often very abundant a's 
they lack competitors? , Examples 
of this are the counties s % rfrillioris 
of Artemia and Ephydra in saline 
lakes and the Tubrfex tubifex in 
•foul mud. This icjea has often been 
expressed in terms, of diversity, • . 

^which is soiree treasure bf numbers 
of species divided by nifmber of 
specimens collected. Clearly, 
such a parameter is larger the < 
greater the diversity, and hence 
the normality of the habitat. 

" Unfortunately, though as the 
number of species in any habitat 
is fixed, F it also decreases as 
sample size increases so no index 
of diversity has any absolute value 
(Hairston 1959). If a definite 
sample size is fixed, however, iA 
respect to numbers of organisms 
identified, it is possible to arrive 
at a" constant index. * 




10 20 

Miles from source 

Figure 3. Zooplankton species diversity 
per thousand individuals encountered in 
marine systems affected by waste waters 
from petrochemical industrial wastes. 
The. vertical lines indicate seasonal 
variations. (30£. /* - ' * • 
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Patrick et al. (1954) in effect fised 
this concept in a study.of diatom 
species growing on slides suspended 
in water for fixed periods, Thejj 
identified 8000 specimens per 
sample and plotted the results as 
number of species per interval 
against number of specimens per 
species on a logarithmic scale. 
^This method of plotting gives a 
truncated normal curve for a wide 
variety of biotic communities, 
v In an ordinarily diverse habitat the 
Hraode is high and the curve short; 
i.e.*, tha'ny species occur in small 
numbers and none is very abundant-. 
In a severe habitat the mode is low . 
and the curve long; i. e., there are 
few rare species and a few with 
large numbers. This, a^gain, seems 
to me to be an elaborate way* of 
presenting data and to involve a lot 
of unnecessary arithmetic. 
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figure 4. A graphic comparison of diatom 
conjmunities from two different environ- * 
mentfc. (After Patrick et al. , 1954) (30) 

« 

, 6' . Diversity indices vs tabulated data 

Allansbjj (1961) has applied this 
method to the invertebrate faunas . 
of strealns in South-Africa and Ijas 
shown, as has Patrick for* diajtoms, 
_that the log'hbrmal curve is flatter . 
and longer for polluted stations; 
the difference, however, 4 is 'not sfi 
- • apparent that it does not lie ed - • 



exposition. | Here, again) I would 
suggest that tabulated data are just 
as informative . Indeed I would go 
further and say that tabulate d^data 
m * sire essential in the present state 
of our knowledge. W,e are learning 
ag we go along and if the'details of * 
the basic findings are concealed by 
some*, sort of ^ithmetical manip- 
ulation they cannot be re -interpreted 
in the light of later knowledge, nor 
are they preserved in the store of 

• human knowledge. This-poinlf 
becomes particularly clear when 
one examines some of tlie early 
studies that include tables. 
Butcher { 1946) requotes a con- 
siderable amount of data he 
collected from studies of various 
English rivers during the thirties; 
they are not only clear and easy to * 
follow, but they are also informative 

4 about the generalities of pollution 
in a "way that'data quoted only 
wittjin the confines of some 
particular-system are not. 

7 Examples of tabulated data(Table.5) 

t 

-Simple tabulation of biological data 
in relation to water quality, either 
in terms pf number of organisms, 
percentage composition of the Biota, 
some arbitrary abufidanbe scale, • 
or as histograms, h^s been v , 
effectively practiced in many parts, 
of the world: in America (Gaufin 
and Tarzwell 1952, Gaufin 1958), 
Africa (Harrison 1958. and I960,* 
. Hynes and Williams 1962), Europe . 
(Albrecht 1954, Kaiser 1951, , 
Hynes 1961, Hynes and Roberts 
1962), and New Zealand (Hirsch 
* * 1958) to cite a few*, These tabu-t 
lated data are easy to follow, are 
informative to the expert reaider, 
and conceal no/f acts. Although the 
non -biologist may find them.tedipuSr 
he need only read the explanatory 
paragraphs.. It is & delusiori to - 
think that it -is possible to reduce , 
biological data^to simple numerical 
* levels. At be$t)Athese <jan only be 
produced for limited situations and 
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even then they need verbal exposition; 
at worst*, they give* a spurious im- 
pression of having absolute validity.* 

£g" . . — _i 

8 Comparison of stations 



My final point inthis section con- 
cerns comparisons. It is claimed 
that the German system, in effect, 
measures an absolute state, a r 
definite level of water quality. We 
hayje* seen that this is not a tej^ible 
claim. In the other sysifipis; by 
and large, the need to establish 
local control stations at which to 
measure the normal or "natural 11 
biotic conditions -is accepted, and " 
then .other areas are compared with 
this supposed norm. This is, of 
course not" always possible as there 
may remain no unaffected area, or 
no.unaffecte.d'area»that is, with 
^respect to such factors as current, 



nature of substratum, etc., 
sufficiently similar to act as a 
base-line for data. Nevertheless, 
basically, these systems can be 
used to compare stations and thus 
to assess changes in water quality. 
In doing this, they can all be used 
more or less successfully, but I 
maintain that a table is just assise - 

, ful as an elSaorate analysis, and 
I believe that the table should be 
included with whatever is done. 
F(jr a»particular situation, however, 
it is often possible to distilTthe data 
into a single figure as a measure of 

- similarity between stations. 

9 Coefficients of similarity 

Burlington (1962) and Dean and Bur- 
lington (1963) have recently proposed 
an entirely objective means of doing 
this, which involves sample arith- 
metical manipulation. In his system, 
a "prominence value" is calculated 
for eachsspecies at €ach station.' 
This is a product of its density and 
some 'function of its frequency in 
samples, but the details of this 
calculation can be altered to suit 
any particular situation. Then ft 
coefficient of similarity between 
each pair of stations can be calcu- 
lated by dividing twice the sutn of 
the lower prominence values of taxa 
9 that the two stations have in< common 
by the sum of all the prominence 
* values of both stations^ Identical 
stations will then have a coefficient 
of similarity of 1:00; this coefficient 
will be lower the more the stations 
idiffer from one another. This is an. 
easy way to compare stations in an 
entirely unbiased way and as such 
may satisfy the need for numerical , 
exposition; however 4 ; it tells one 
nothing about why the localities are 

" different and like all the other mote . 
or less numerical methods of pre- 
senting data has no absolute* value, 

- Moreover, it still leaves unanswered 
'the fundamental question, of ho^r 
different is "different?" ,\ > 
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*Stenonema nepotellum excluded 10 * 104111 stream reservoirs and west Tennessee* streams 

* Stenonema nepotellum (Ephem.) is counted fh this, section for-the purpose of classification. 



y/ ONE FOR EACH KNOWN SPECIES IN THESE GROUPS : 



Platyhelminthes 
Hirudinea 
Mollusc a 
Crustacea ' 
Plecoptera 

Diptera (excluding specific ones listed below)' 
Coleoptera 
Neuroptera 



V ONE FOR EACH GROUP. REGARDLESS OF NUMBER QF SPECIES , ETC, : 

Annelida* excluding Naididae 
Naididae ... - 

Each jtfayf ly genera (excluding Stenonema nepotellum) 
Stenonema nepotellum * 



\ 



Each Trichoptera family, 

Chirohomidae. (excluding specific ones listed below) 
Chiron emus' riparius and* plumosus aria ^Cri cot opus bicinctus . 



Family Simuliidae 

, adapted from Trent River Board - Tennessee Stream Pollution Control Board 8/66 RMS 
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iy THE PROBLEMS OF SAMPLING , 

*The systems outlined above are all based on 
the assumption that it is possible to sample % 
gn aquatic habitat with some degree ' % of 
accuracy; this is a dubious assumption, 
however, wherf applied to biological data, • 
From what has been said about the com- 
plexity of biological reactions Id the various 
factors in the environment,* and from the 
obvious fact that rivers especially are a 
mosaic of microhabitats, it is clear that to 
achieve numerical accuracy or even 'some 
limits of confidence considerable numbers 
of samples need to be taken. Indeed, even 
in so apparently unvaried a habitat, as a 
single riffle, Needham and Usinger (1956) 
shpwed that a very largg number of samples 
would be necessary to give significant 
numerical data,- 

A Representative Sampling 

There is a limit to the number of sam- 
ples that Sean reasonably be taken and, 
, anywajf, it is desirable to sample many 

* " different types of habitat so as to get 

as broad as possible an estimate of the " 
biota. This is the more recent approach 
of most of the workers in Central, Europe, 
who, have .been content to cite abundances 
on -a simple relative but Arbitrary scale 
and to convert this to figures on some 
'sort; of logarithmic scale for use in 
calculations. An alternative is to ex- 
press the catch in terms of percentage 
composition, but this had the disadvantage 

* * that micro- and macro- organisms cannot 

be expressed on the same scale as they 
are obtained by different collecting tech- 
niques. - Also, of course, implicit in 
this approach is the assumption that 
'the,, .sampling is reasonably repi*esenta- ; 
tive. Here again we* run info the need for 
knowledge and expertise. In collection as 
well as in interpretation, -the expei^is 

# essentia^, BiQjogical sampling, ;unlike , 
• * ' tlje simple, or fairly simple, filling of 
bottles for chemical analysis or the t 

*• monitoring, of measuring equipment, is 
a highly , skilled job and not one to be 

0 handed oyer to a couple of vacationing 
undergraduates who are sent % out -with • 

. a Surber. sampler and told to get on 



* with it. This point has also been, made 
by other* biologists, e.g.', Patrick (1961) 
who stresses the need for skilled and 
thorough collecting even for the deter- 
mination of a species list. 

B Non-Taxonomic Techniques 

Alternatively we can use the less 
expert man when concentrating on' only - 
' part of the habitat, using, say, micro- 
* scopical slides suspended in the v^ater 
to study algal growth. This method 
was extensively used by Butcher (1946), 
and Eatrick et al. (1954) who studied 
diatoms iti this way. This gives only 
a partial biological, picture, but is 
useful as a means of monitoring a 
stretch of water where.it is possible 
that changes might occur. It is a 
•useful short-hand method, and as such 
is perhaps comparable to studying the 
oxygen absorbed from potassium 
Permanganate instead of carrying^ out 
all the usual chemical analyses on water. 
A short method of this kihd may serve 
very well most 'of the time, but, for r 
instanQe, would not be likely to detect an 
insecticide in concentrations that could 
entirely eliminate arthropods and hence , 
fishes by starvation. 



C 'Monitoring 

It is possible to work out biological 
mori^fe^ing systems % for any specific * 
^purpose. The simplest of these is the 
cage of fish, which, like a single type „ 
of chemical analysis, can be expected 
to monitor only one thing — the ability 
of fish to live in the water — with no 
information on whether they can breed 
or whether there is anything for them 
to eat. Beak et al, (1959) describes a 
neat way in which the common con^ 
stituents of the bottom fauna of Lake 
Ontario can be us.ed to monitpr the 
efflUenls from an industrial site. * 
Obviously there is much room for such 
ingenuity in devising biological systems 
for particular conditions, but this is 
perhaps outside the scope of this .meeting. 
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V CONCLUSIONS 

It may appear from the previous sections 
that my attitude to this' problem is entirely 
obstructionist. This is far from being so. 
W^ter quality is as much' biological phenom- 
enon a's it is a cheniical*or physical one; 
often what we want to know about water is 
almost exclusively biological will it smell 
nasty, is.it fit to drink, can one bathe in it, 
etc? I suggest, therefore, that it is desirable 
to organize water monitoring programs that • * 
will tell one what one wants to know. There, 
is nO'point uTmeasuring everything biolog- 
ical, just as there is no point -in performing 
every possible chemical analysis^ what is 
measured should be related to local conditions. 
It would b^ a waste of time to measure 
oxygen content in a clean mountain stream; 
\ye know it to be high, and it becomes worthy 
measuring only if we suspect that it may . 
have been lowered by pollution. Similarly, 
there is little point ih studying th6 plankton . 
in euch a stream; we know it only reflects 
the benthic flora. In a^ke or in a slow 
r^ver, on the other hand, if our interest in 
the water lies inits potability, records of 
the plankton are of considerable importance 
as changes in, plankton are, in fact, changes 
in the usability of the water* 



I 



A Periphyton and Benthos Studies 

For long-term studies, especially for 
the recording of trends or changes 
induced by pollution, altered drainage, 
agricultural poisons, and other havoc 
wrought by man, one can expect in- 
formative results from two principal" 
techniques: First, We can study 
* microscopic plant and anipial growth 
with glass .slides placed in the water for 
- * fixed periods; second^we'ca^. obtain 
rdndom samples of the benthic fauna** 
The algae and associated microfauna 
. tell one a good ideal about the nutrient 
/ condition of the water and the changes 
tfiat occur in it, and the larger benthic 
fauna reveal changes in the trophic 
staius, siltation due to soil erosion, 
effects of insecticides and other poisons* 
etc. „ - j 



B Varying Levels of Complexity ' 

■ The study of growths on glass slides is 
reasonably skilled w6rk, but can easily 
be taught to technici^ps; like chemical 
monitoring, such studjfaieeds to be 
done fairly often. Sampling the benthos 
is more difficult^and 4 as explained 
above, needs expert handling; unlike 
most other monitoring programs, 
however, it need be done only in- 
frequently, say, once or twice a year. 
Inevitably sampling methods will vary 
with type of habitat; in each case, the 
question will arise as to whether it is 
worth looking at the fish also. It is 
here that the biologist must exercise 
judgment in devising and carrying out ' 
the sampling program. 

C Data Interpretation * 

- 

Judgment is also needed in the inter- 
pretation of the data. It is for this 
reason I maintain that it should all be 
tabulated so that^it remains available 
for reassessment or comparison with 
later surveys. If need be, some sort 
of numerical format can be prepared 
from the data for ad hoc uses, but it 
should never become a substitute for 
tabulations. Oniy^in this way can we 
go on building up our knowledge. 
Perhaps some dayjve shall be able to 
pass all this information into a com- 
puter, which ttilMhen be able to 
^e^rcise better Judgment than the * . 
biologist. I hope this will happen, as 
computers are better able to remember 
and to cope with complexity thin men. 
It will not, however, pension off the 
biologist. He will still be needed to 
^collect and identify the samples. 
I cannot imagine any computer waging ^ ^ 
• - about oh rocky riffles nor persuading 
outboard motors and mechanical grabs 
to operate fr.om the unstable confines 
of /small boats. We shall still'need 
flesh and blood biologists .long after the 
advent of the hardware 1 . water chemist,, 
even though, ,with reference to my - 
earlier analogy, a Tokyo University 



VfO 



17-13 



The Interpretation of Biological Data with Reference to Water Quality ' 



computer recently outpointed 10 veteran 
medicals in diagnosing brain tumors and 
heart disease. It should be pointed out, 
however, that the computer still had to-be 
jfed with information, so we are still" 
(a long way from the hardware general , 
practitioner. I believe though thfrt he is 
likely to evolve before the hardware 
biologist; after, all, he studies only one 
animal. 
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THE 3IOTJP COMPONENT' OF .THE " 
ESTUARjgt ECOSYSTEM 

The Problem ofiTaxonomy 

1 Necessity of identifying species 



StudieSiOf-the ecology, of any habitat 
require the identificatioQ-of the * ' 
organisms found in it^ One cannot 
come up with definitive evaluations jot 
stress on the biotal of an estuary unless- 
we can say what spefcies coiSlfitute the^ 
biota. Species vary;in their responses 
to the impact of the environment. 

2 Solutions to the problem, J 

a Evasion 

Treat the ecosystem as,.a "black* / 
box" — a unit - awhile 'ignoring 
the constituUoico^the system. 1 **\ 
This may pr^du£&some br^oad . ' 
ge n e r al i z ati on s~§hd will certainly 
yield mbr^ questions than answers* 

b Compromise - j. 



Wor t k only with those taxonoinic > 
categories with which One has 
Jto^competence to deal* Describe/" 
the Sioff^cfomponent-ksa- — . _L[_ 
taxocenosis limited to one or two . 
numerically dominant taxonomic 
categories^, bearing in mind that, 
numerically taxa which ar^ ignored 
may be very important tojfie ecology 
of the estffSry. 



Comprehensiv.e^escriptfon . i? r / 

' 

* si* ' 

Attempt * comprehensive descjipr * ^ 

tionfpLithe. biota* No one can claim r ' 
competence to deal with itforerthan^T" 
one or twojgroups. : /^J^e^CM^eratiH^ 
of experts mutt, be obudn^T <The £ 
Smithsonian Institution has a. cleait* 
irighouse' for tM^so^^fiingk \ N^-^ 
Lists of expert^aixoi^ffists can be { fc 
obtained (2 k, b/ r c) X3K There^l 
vriU-lie.noncyqr.some j^ouj>s« Also 
collaboration -is., time - c orisuniing. 



,B Environmental Classification *>f Biota 
vl Plankton 

All motile aquatic organisms, plant - 
■ or animal, whose powers of locomotion 
are too feeble to resist the set and - 
drift of currents are classified as 
, plankton.* v <" 

a Phytoplankton - : "~ 

- - The term phytoplankton is usually 
applied to acellular (unicellular) 
floating plants but strict adherence 
to the foregoing definition should < 
, include all floating cellular- plants 
^ such as Sargassum, Representative 
; phytoplankte^s are^ihoiijn in Figure 1. 
*■ " ■ * *< 

b Zooplankton 

The animal plankters are' zooplankton. 
Some kinds of plgKton orgShfsms are 
equivocal in their-6onforming to the 
requirements fpr classification as 
plants, or animals. Typical-zoo- * 
plankters 'suph as may be found in 
f estuaries are shown in Figure 2. 

sr.. ^ 
** c Holoplankton " „ 

Organisms^yrhic^are classified as > 
plankton.at:SQJL stages of their life 
cycles are called hdropl&nkton;i-7-5^e^ 
term is applied both to phytoplankton 
j* and zooplankton species which con* v 

- form to thi^s;definitiori. All- of the 
, species shown i'n^igures" t%ndv2 «are 
^~\oplarikters. * j < m * 




eroplarikton 



Planktonic reproductive stages of 
species ^whi'ch irt|pther stages of the 

r ~We'qyc^Uye^6li;^e^iottom or are 
strong 'swix^ers/we^aUed jg' / 
msroplauikton, .jgheise are 'eggs/ y N , 
larvae/ ,sw;arin^^ 

: orseTO&^te,^ * 
stages{qf a hostjpf marine, plants and 

J animals;^ "T^ic&im^ 
ape^sHown in Fi^re{3 # > - 3>f 
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e Tychoplankton * + 

Small, weakly motile, bottflrh^ 
dwelling organism sTwhich are 
accidentally swept into suspension 
by turbulent wate? motion are 
. called* tychoplankton. It -is easy to 
see that many of the planktonic 
species in turbulent estuaries £tre 
likely to be tychoplankters, 

2 Nekton 5 * 

Organisms which rejnain suspended in 
the water and whose powers of locomo- 
tion are great enough to resist the set 
and drift of currents are called nekton.. 
Only three major taxonomic categories 
are represented in this classification — 
the fishes, the cephalopod molluscs * 
(octopuses and squids) and certain ' ; 
crustaceans (shrimps and swimming 
" crabs). Many of these, because of 
strong affinities for the bottom, may 
just as easily fit in the benthos (See'c). 
Typical estuarine nekton are shown in 
Figure 4. Bottom dwelling or reproduc- 
ing nekton species are called derm er sal. 
Those whiclj l^ve and reproduce sus- 
pended in the^watefr are*calleS^elagic. 

* - s '" 

3* Benthos * - 

Organism which as;,adults or in the 
seasile stages ofTlieir life- cycles, 
live on the bottom are called^ benthos, 
as, of course, are all whose entire' 
life cycle is spent there. The benthos 
• may also be subdivided. 



a Epiflora 

Plants, cellular or acellulaTrTXiacro- 
^pr micro-, which live attached to pr 
living on the bottom are called 
epiflora* * . 



b Epifauna 



* 



Animals .which live on^the bottom; 
are called^epifauna. Many repre- 
sentatives of the epifaUna are 
permanently attached to the bottom, < 
a phenomenon which does not^occur 
in the terrestrial 'environment. 
Many' of these are colonial; which 
i^toj5ay, consis£pf groups of 

^individuals lhcompTetely l separated 
from one another, like Siamese** . 

v twins. ' A result isrthe evolution of 
life-forms which are more like 



conventional plants in*appearance 
• than like animals. Other epifauna 
v< creep about on the bottom. . Figure 5 

shows typical epifauna and f lora^ * ' 

c Infauna 

Animals which live buried ihm 
unconsolidated sediments or in « 
burrows in solicLsubstrates are 
called infauna. Fixed infauna are 
those which liy t e in permanent 
burrows while burrowing infauna- 
move about 'displacing sediment as 

. they go or by creeping or swimmings 
between the "sand grains. If they 
progress by displacing sediment / 
particles, they are called megafauna, 

. ^If they are adapted to creeping, in the 
interstitial spaces, they*are called 
meiofauna. Organisms wriich are so 
small that they can float- or swim in 
the interestitial spaces are called 
microfauna. 

' d Inf lora 



Macroscopic plants are uncommon on 
bottoms consisting of. unconsolidated 
sediments. The big exception to this 
rule are the sea "grasses. 11 Micro- 
scopic plants are abundant either^ 
fixed to sand grains or lying about 
o;i or between them, fiacteria are 
abundant onfall bottom surfaces and • 

1 in the spaces between sediment grains* 
A variety of mega'-infauna are shown 
in Figure 6, while Figure 7 shows, a 
number of meio- and* microirifauna 

-ahd-inflora. — ■ 




jC Ecological Classification of the 'Biota" 

* 

Classification of anjr sort is a matter of 
convenience to enable us .to pigeon-hole 
items with which we deal. Ecologists 
have found it convenient and useful to be 
able to pigeon-hole^aquattc organisms * 
particularly those of Estuaries where 
normal e^vironmental(cVnditions vary 

, greatly, both spatialfy^and temporally- - 
according to the tolerances of those 
organisms to ranges^of'variations in 
environmental properties. Thus we have, 
as an .example, a classification of estuarine 
organisms based on tolerance to salinity 
•changes. *. 
V. , • 

„ 1 Salinity Tolerance 6 ' 7 ' . 

^Stejk As mentioned elsewhere salinity in a 
true estuary ranges from tha^'of 
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freshwater at the head to that of sea- 
water at the mouth. Few organism's 
are tqjprant of this entire range. 
Salinity tolerance limits are imposed 
by a species ability to comperisate-for 
osmotic stress imposed by variation 
in the salt content of its environment. • 



a Limnetic 



c True estuarine 



v *Limnetic species are freshwater 
ones characteristic of the jdver 
Which empties into the head 6i the 
estuary. They 6an tolerate; salt 
content up fo 0. 5 parts per thousand. 

* 0 

b Oligohaline 
» 

. > . Oligohaline species are those 

derived Irom freshwater but which 
*> have become adapted to living in the 
head of the estuar^ where salinity 
ranged from 0. S*to 5, Q .p^rts per 
thousand/ » ' 



TFuly egtuarine *. species are those 
whichcan' survive in waters ranging 
from 5,0 w to30.4) parts iValinlty per 
thousand. These jma^be -spedies 
^whose 'tolerance is purely passive, 
which is to say, not based on re- 
sisting osm.otic stressor species 
which do possess mechanisms for 

> N osmo-regulafion. *Thev,are species 
w hich ar e really typical of estuaries 

' being unable to tolerate salinities 
as low as those of the head of the 
estuary or those of the sea itself. 
The oyster, Ccassostrea virginica 
- i£ a gobS|example . Some prawns 
of the genus ftalaemOnetes are also 
truly estuarine. 



imposed by variation in- environ- * 
mental salinity, fhis-is character- 
istic of many po'lychaetes, most 
estuarine fishes, and many crabs'. 

e Marine qtejjohaline 

• , - * ♦ *' ♦ 

4 v Species adapted to luring at tjie 
mouth of the estuarywhere salin- 
ities, range from 25 < 3&oto those of 
the open sea are called marine 
, , stenohalineV-Most echinaderms 
which one finds at the mouth of 
'#j?Stuaries are stenohalirje. The 
gribble/A^iny crustacean which 
destroys dock pilings.is stenohaline. 
Many of the bommtfn oyster's worst 
. enemies are stenQfaaline* ~ 

f Mixohaline 

^ The few species which tolerate the , 

full range running from freshwater , 
£d the sea arexalled mixohaline. 
The blue crab,^ Cailinectes sapidus 
is a notable example of this as well 
as all -the migrants such as the 
sturgeons, salmon, striped bass, 
and river herrings^whicl^pass 
through the entire range on their . 
annual reproductive journeys. 

2 Temperature tolerance. 



In estuaries, where, environmental 
'temperatures vary much more widely 
than in thej sea, organisms may-also 
-be^assified^ccor-ding4o^einperatuxe„ 
tolerance in the same manner. Thus 
we have oligothermal, eurythermal, 
and stenothermal species. t 



d TMarihe "eufybalxne 

The* great majority of estuarine 
species, are marine .species tolerant 
*of salinities- ranging from 5. 0% iTo 
those characteristic of the .open sea. • 
* JPassively euryhalitie species are 
those which tolerate fluctuations in* 
* \ Salinity Without bluing 'able to actively 
* * adjust.. In dilute^ waters, they swell 
or.lose* salt;, in more saline waters 
..iJtb'ey shrink or passively, accumulate 
_salt, 'Many^oU^ are 
passively eur^aiineT ^ 
eur^alin^species \re abje to £prr 
/ trol the "sait concentrations, of their 
body fluids despite osmotic stress "* 



II ESTUARINE HABITATS 

A habitat-is the kind of Jplace injvhich one. 
normally "expects to find a given kind of 
, organism. It may be supposed that, because 
Of the wide variety of assemblages of physical 
conditions and biotic communities, estuaries 
contain a number of distinct habitats which 
will be roughly proportional to. the variety 
T of conditions. " 

A Gee-morphological Classification of _ 
Estuaries*** 9 \ . ' & 



1 f : Positive estuaries " 



Positive estuaries are those in Which- 
the influx 6f freshwater measurably 
exceeds. evaporation,^producing the 
gradient referred, to in*the preceding _ 
section* 
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a Drowned river valTeys 

Many of the estuaries -on the East . 
Coast of the United States fall.into 
this category.. .Chesapeake Bay is 

our largesFAmerican East Coast 

'drowned river vfelley.. 

b Fjords/ * * 

' * Fjords Are canyons formerfyfilled and 
carved out by mountain glaciers. They, 
too, are drownedby rise of Sea level 
although their, bottoms rrtfy never have 
beenabove sea level. Fjords are found 
oh the Coasts of Norway, Greenland, 
Britiqfi Columbia/ Chile, andelfcewhere. 

c Bar-built estuaries" • 

Bar^built estuaries are browned 
river valleys or points*of egress of * 
freshwater to^the sea^which have 
been partly blocked off by the build- 

* up of barrier,f*slan8s or spits.fr The ' 

• North Carolina Sounds and the'Texas 
lagoons are examples of i>ar-built 
estuaries, ■/ 

d * Fault or graben produced estuaries 
<** 

here diffexential lowering of the 
land occiiDS'^long the coast *in 
tectonically active regions, v> . 
estuaries ate formed. Toniales 

. Bay north of San Francispo, which 
*s. situated in the Ssm Andreas fault 

- zone is such an estuary. S&n 
Francisco Ba^y i9°anbther. The 

~"nG'ulfiof^alifornia^and the~Red~Sea ; 



are similarly formed,. but of these * 
* * bnly the former gould be called an 
;v - M estuary;, '7^; * . ( „ 

■* * e * 
. 2 Neutral estuaries/ 

^ > fc > - l 
. Neutral estuaries are those in which 

^evaporation ~mpre pr, Jess equals inflow 
of Jresh^ater,' so sauniti'es remain . 
esseptialiy'th^ s&me as that oT the 
adjacent seawater.' Alligator Harbor, v 
t riea^ her^e, .is £uch as estuary. 

^3 Negative gfetuaries 



Negative estuaries are those in Which 
evaporation so much exceeds fresh or 
seawater influx that salinities exceed 
those, of the adjacent sea. The uppe 
reaches of the Laguna Madr e of the 
Texas- Coast is a hjyersaline lagoon 
piSnegative estuary^ 



Classification of Estuarine Environments 6 ' 

* Many-authors have proposed subdivisions 
- ofithe Sea into environmental categories,* 
Tnese h%ve been~siunmarized by Hedgpeth^ 
In estuaries we have" ' 

. ' • * . 4 

^1 Pelagic - environmental subdivisions* . 
< * ^jof the water in estuaries/ inhabited by 
^plankton- and nekton. « • 

a Neritic - the water overlying the 
, / " edges of thfe sea from a depth of 

about 100 ; fathoms to the shore. m 
The watery environment of all, 
estuaries except the sleeper parts of > 
■ some fjords and tectonically pro? 
duced estuaries isvneritic. 

*b , ppeanic - seawater^hich is more^ 
► than 100 fathsms deep in oceans by , , 

definition. ^ , \ ' 

2 M Benthic - environmental, subdivisions , 
,of the bottom of the sea including its; 
farthest landward influence. 
» . 
a Supralittoral 

4 This is a,zone between, the truly 

' marine and the truly terrestrial (or 
freshwater)" invaded by seawater • 
only when sfbrm surges push the 
rising tide higher than .predicted. 
Easy to define on open coasts, it is 
.not easily detectable ^n the bottoms 
. of estuaries* Thelsupralittoral is', 
* however^ fclearly defined in the 
' * small beaches, rocky headlands • ,« 

r&nd-manmade structures and the 

salt marshes which border estuaries. 

b Littoral ' ' • 

The littoral 'is the intertidal. It is 
the bottom* which is alternately 
cpvered and exposed by the Spring 
tides if not by the neaps. Large 
areas of the shores and bottoms of 
shallow estuaries fall in the littoral, 
, In estuaries characterized by littlS 
turbulence^ the rising tide enters - 
the main channel as an underlying 
wedge of de^nse saltwater, pushing 
the lighter, \f reshwater- up* There 
is therefore\a very interestin^but, <; 
< hard, to detect intertidai zone, Which — 
' is never exposed tp.air; 

• v- - . . •• • • 

c Sublittoral . : 

t The sublittoral, \by definition, • 
extends from the\lowest low water 



. 18-4 



^ERJC ^ ' r 



1 :' ■ \ 



I 

* " *. 

I 

• v. * " 

I 

I 

I 
I 
I 
I 

-i: 
i 




i 



^, Th e P hysica^mt^Biotoj^ of ttt c E c tu aj^fte-Ecogystem - 



. 4 



' marks to the depth of 100 fathoms. 
It is that portion of the estuary 
w> which is always covered by s^eawater* 
^ Obyibusly, there is als6 a special * 
- . .estuarlne portion of 4he bottom ' t - 
y Which Is covered by seawate'r jdilttted^ 
as a result of turbulent.mibdng wjth 
freshwater coming in from the. other 
* - f Qtfd+ , " 

5 ' V 

<T Estuartne Habitats 9 , , ' • -\ , ' 

( .Pelagic ' „ ' ' " • - f . < 

Because of the salinity gradient that 
develops in a positive estuary charac- 
terized by reasonable mixing, there 
develops also a series of pelagic 
habitats which, are more .easily 
detected by the presence of typical 
organisms thsui by other properties, 

a Head , . r ^ . , a 

• ! * ' . * f 
This is the low salinity 'habitat of 

, • > 0,5^ to 5. 0% occupied by the, oligo- 

\ haKne species . 

b Upper, middle, and lower reaches 

r — . These are zones with salinities « 

ranging from 5 to 18, 18 to 25, and 
* 25 to 30% . Not all truly estuarine 

• species nor all marine 'euryhaline 

* . species are found throughout the 

* entire ranged Many \ftfi be re- . 

, stricted to, or find best growth iii 
* — . ^-on^of-these-reaches^ 



4.)»Beaches* *^ ** - " ? 

Beaches normally are associated 
with the open coast as they are. - 
dependent for their existence on 
wave action and longshore currents. 
.* 1 But' the shores of large estuaries 
may have small beaches which* 
' .**have the same physical and 
: biotic properties as open coast. 

beaches;- Because of constantly 
• shifting sand, this is a very i' 
limiting hatatat [f <>x$soft bodied 
megafauna but a^safe haven for. . _ 
meio and mictfofaunsU' ■ s 4 

2 )^Rocky inter tidal 

Especially in estuaries", the * 
rocky' iritartidal -(and other hard 
surfaces) will be characterized 
by a great diversity .of ^organisms 
which occur in ztmes depending 
on their ability to withstand pro- 
longed periods of exposure to the 
atmospheres 

^3) ^and flats and shoals . 

Foun.d in the middle and lower 
reaches and mouth of the estuary, . 
sand flats and shoals which owe* 
their existence to tidal currents 
without the wave action which 
makes beaches are habitats for 

* . a tremendous diversity of epiflora 
- and fauna and of infauna. The 

* gre ater stability of the sedimen t 
pe rmifs the' e xistence UTer e ot ~ 



0 / 



c Mouth 



This is the zone with marine 
salinities, ranging from 30 to 40% , 
and will be .inhabited by euryhaline 

well as irtenohaline marine 
species. ' • 



2 "Benthic 



-V 



a Supralittoral % ~ 

As noted, rocks and other hard 
surfaces (like-bulkheads, dock - 
pilings, »etCj^ marshes and 
beaches w : Sffiave a zone of^ransition 
between the truly marine and thp 
truly terrestrial which is wet only 
by splaslj or storm surges., 



b Littoral and sublittpral 



« rootedf plants and many kinds 6f 
megafauna* * \ 

* 

.4) Mud flats 

In the upper reaches and other * 
place sj>rQtected from currents 
andJwaves, niucl flats develop. V(S 
,. -^With a very high organic content, 

Anaerobic, conditions prevail below « 
the top two or three millimeters 
except vfhere oxygenated water 
as entrained by- burrowing 
orgami^ms. J 1 he surface*is N 
characteVfzed by intense feiological ^ 
activity^- *, - < " — 

5> Oysfer bars • •* s+\ j 

. 1 In positive estuajries whepe sedi- 
» ^> » ni^ititio/i precludes estabHshnient " tr Xsi <f 
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of oysler colonies, in the feones 
4 of estuaririd salinity, oysters 
c^n grow only near the mouth 
where salinity As high enough to 
support oyster predators^ The » 
oysters then thrive only in 'the J» 
intertidal^nd produce large J 
reefs-exposed by the falling tide. 

/ 

6) Mangroves \ * ' r • 

v , * 

t Along the scores of tropical / ' 
k estuarie^^eatJhickets.Qf, 



on turbulence =f or percolation • 
of oxygenated water it has a 
greater cjiversity of organisms 
on and near beaches. 



IH THE ESTUARINE ECOSYSTEM 12 

The term ecosystem implies that not only 4 
is a particular habitat required by a partic- 
ular assemblage oforganisms but also that 
the assemblage or community modifies and 
*%\6 a certain extent creates the habitat;. *Fhe 



-1 - mangroygs ^provide a peculiar; jqot of Jthe t |rin_i s perliapsLbesJ definedlby 



#8* 



type-of intertidal and subtidal 
hamtift* THeprop roots of the 4 * 
red mSngroye provide sub'strate 
for many benthic species and 
shelter for many pelagic ones, 

■ 7) Submarine meadows 

The botfomg of *many est.uaries 
are^covered with extensive* 
growths of marine "gr assess" ^ 
which are. seagoing relatives or 
some of our pond' weeds* They 
provide a habitat for a greater/ 
assemblage of species than arfyv 
other marine habitaf except the 
£oraf reef . * « 



8)^JVT«sstrT ar.d bgrnael* 

s> * > t ' f 

♦On firm, jjeaty intertidal bottom^s 

ot temperate and boreal estuaries, 
. extensive beds of the blue mussal. 
and of baYnacles, f ornj. a special 
kind of -habitat. 9 " 



9) 



Salt marshes t * * £ 

On the sides and chores of the 
- upper, middle and lower reaches 
of drowned rive^r Valleys and on. 
^ the shores' of bar built e&tuaries,. 

salt marshes will h,e found. 
£ Dominated 6y a^single species of 
gr"?LSs; but inhabited by a very * 
UitfCted^yflLriefy of anixnals; they 
vie. iri prc^qtivit y ^dth Iowa 
cornfields, nourishing not only * 
-thefe inhkbitants^b'ut also many 
^rganisms ii* thle^adjacent'loWer 
^ortions'cpf the' e'stiiaf iesr/ -\ 



i The interstitial 

< ; l 

I'The^interstifial , habitat ikjhe. 
(space b etwee j|^Eh$!^rairis i of 
V^^jsed^ifent occupied by the/meip- 
^id'micro-infauna.^ ^Dependent . 



B, 




Watt^who says that, "A system is an 
interlocking complex of processes charac- 
terised by many reciprocal jcause-effect 
pathways. M The interactions between the 
biota and the physical properties and among 
v themselves are the processes. Ecosystems 
vary in size. Theoretically, at least, each 
- could- flourish with an input of energy only. 

A The Physical Components 

V . I * Substrate • 1 
v 

Xhe substrate is that portion of the _ 
•v physical environment on or within - 
* , whffch orjjanisms live. It is the ground, 
i;.* - the sediment, the rock or other surface. 
It provides purchase, food, shelter, 
• -or attachment. j 

* • " • 

/. 2^Mediunj^^< ' te 

. * ; The^hedium is ,the fluid which bathes 
the o£ga*hisms. -F'or us it is the * 
atmosphere. For estuarine organisms 
^ v ^e^cept when the tide is out) it is the 
Water. It is the medium through find 
With whiph individuals' exchange matter 
, * and energy . . ' 

• 1 •■ • . :. ' 

» 3 .Ener^r sources ^ . 

Every ecosystem must have a primary 
' / ' energy source. For|* terrestrial. ecO- 
. systems it is. ultimately the sun., E*or •f. 
\s small cir'cumscribeci systems on 
earth, the energy input comes as 
. chemical* energy, ^rom rnost^eco- • " 

* Systems most of the! input energy is 
lost a^'heat in a ver^hort ♦ime-^ - 
all of it ultimately, i * ' - . • 



The Biological Component— The . 
Community * ' 



1-JDefinition; 



A biological community \%. an assemblage 
of,lnteracting populations of .species, ' 



V 
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. all more or less dependent upon each 
other for their individual and collective 
survival. * 

2 Mecfa- and micro- communities 

Tht? biota of an' entire estuary, sea, or 
ocean maybe considered a community, 
jusfas'may be the biota found oh a 
single, blade of turtle grass. The * 
essential thing is tKat the assemblage 
. is. so-integrated that-by mutual-support- 

-^d^iependene^ite-eonstituents could^ — 

+ ' survive without outside input other 
than energy in some form, 

3 Commbnity succession 
a Spatial 

Just as the gradient of water prop- 
erties extends from head to mouth 
of the estuary^ so also inay be 
f oun-* a succession of different 
t _ bottom 'types inhabited by distinct 
and recognizable assemblages 
of species. This i's spatiai 
succession. 

. b Temporal 
/ * , 

At any one point or station in the, 
estuary, a succession of diffef ent 
"J- assemblages" of species maybe , 
-found with the passage of time. 
This is parHcolarijL-tciifi^Qf pelagic 
species and epif aunal and epifloral 
o organisms and on a seasonal basis. 
This is temporal succession. 

IV ECOSYSTEM DYNAMICS 13, 14 

• o 

A Energy Flow and the Cycling of Matter 

The essential- attribute of ecosystems is 
1 change, the result of the constant cycling 
and recycling of mattert accompanied by; 
the degradation and one way passage of 
energy. Energy enters-the system from 
witKout and quarftitatively.passes out of it, 
" after delays ranging from fractions of 
.seconds-to- millions of years.* Matter 
~ 2 keepsrbeing recycled as a means of • 
" capturing and transferring energy* *The, 
estuarine ecosysteiBte-are not exceptions. 

Trophic stryctur'e of the community d 

The biotic/ component is me^i^cipal • 
* and certainly the most efficient captor 



/ 




and .utilizer of energy. It takes energy* 
as it comes^to the ecosystem, in the 
form of light, converts it to k Usable. 

-form^-the energy of chemical oonds • 
and in so doing makes more^life. Its 
units grow and reproduce, xfre energy" ; 
bearing matte r v changes hands repeatedly. 
All the while greater or lesser portions 
of the energy are lost as/heat which* 
ultimately ispadiated oti out (resuming 
its original journey from, the sun) iiito 
space as infrared radiation from the 

-da'rk ^de-of-the-earthi- fin-each com- 
munity there are discernible levels 
between which master and energy are 
exchanged. 



a Trophic levels 



>rocessor of 



The initial trophic 
energy-bearing master) level is 
that of the primary producer. Most t 
of th£se are photosvnthetic plants * 
which make new living matter 
(complex chemical! energy-bearing 
organic compounds) from nonliving * 
matter (simple inorganic compounds) 
the extra energy required for this 
coming in the form of light.^ 

Primary consume rs are vegetarian 
animals which (pardon the redundancy) 
eat plants. They do this because they 
are dependent for energy entirely on 
• that of chemical t onds, except for 
what energy they can pick up by 
sun-bathing. They cannot use light , 
for essential life (processes. This 
is true of all other consumers as 
well. 

I * 

Secondary consumers are the meat 
eaters or carnivores which eat 
herbivores or otner carnivores. 

Decomposers arie the molds and 
bacteria which break down organic 
substances into the inorganic which 
the primary producers used in the 
first place. Thls^is hot to say that 
the producers and consumers- do not 
do thi^s too, but (the ultima te^ssolu- 
tion of organic to inorganic is per 1 
formed by me^ decomposers. - ' - 

Primary producers aafe a6o calleH^u 
autotrophs. v 

All the others $ repealled beterotrophs, 
except that "son e people apply *a 
special term- -i japrotroph — to thf 4 
de c omposer s „ 



. „JU 
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b Kood chains and food webs 

Because particular consumer species 
become adapted to consuming^ 
particular primary producers' ancl, 
they in turn are peculiarly esteemed 
as articles of diet by especial species 
of carnivores^ there appear in 
communities more or less obligate ■ 
interdependences which are called 
food chains. Because these chains 
become joined by oross linkages, the 
trophic ^structure- of the community ... 
takes : on -the appearance of^^web bf^ ~ 

interactions. • 
. . ^ • 

*2* The Eltonian pyramid and th£ second 

law „ ' * v 

In most organisms, most of the food 
consumed is used tip maintaining the . 
status quo. ' Only a fraction appears . 
as a growth or reproductive increment. 
It therefore requires a far greater 
gross input from any trophic level to 
achieve the net at the next above. This 
step by step reduction in realized 
living matter is called the Eltonian 
pyramid, -Figure 1* shows a theorejtical 
food web. The three Bttoniag pyramids 
shown in Figure 9 demonstrate the 
,different results obtained when- the 
pyramids are erected on the basis of 
"ij:ts*bef c , b : on»ass as weight, and 
energy content. 

Population and Community Dynamics 

Populations are assemblages of individuals 
of o»e species. Communities are assem- 
blages of interacting populations. Both 
populations and communities have measur- 
able properties peculiar to their respective 
levels of .organization. Such properties 
may be used to estimate" the effect on^ 
either of stress ip any form, 

1 Relevant population ^properties 
* c Density 

Density is the average or mean*num- 
■> b^r of individuals per unit area or * 
volume of the environment. 
< % 

b * Dispersion 

f • » ' * r->. 

^Dispersion is the pattern of ^pa&alN 
distribution of individuals in the f 
\ habitat; * It may be aggregated; 



15, 16- 
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random or reg^jSr, ~* 



c Dispersal 

Dispersal is the rate at which • 
individuals of a .species population 
spread through the habitat from a 
point! of entry, either as immigrants 
or a^ newly reproduced recruits. 

d Growth and age at first maturity 

This is the average sizeandage of the 
"population when the individuals first 
come into reproductive condition* 

e Recfruitjnent 

* Recruitment is a rate also — the * 

rate at which new individuals are 
, adqed to the ^population, 

f Mortality's survival 

i 

Mortality is the rate at which 
individuals are removed from the 
population, by whatever means. 
The survival rate is the reciprocal 
of ^mortality. > * 

g Frequency 

i * 
Frequency is the rate at which 
^individuals appear in samples, 
expressed as a percent. It is the 
nijmbe^of individuals divided by 
the number of sampling units (see 
below) multiplied by 100, 1 



:e extent 
find a 
the habitat. 



h Fidelity 

Fidelity is a measure 
to which" one may 
species in a sample 

i 

Properties of associ 
populations 1 ' * 

a Population pairsy(p£tirs of species) 

If Affinity is a measure of the extent 
to which a species is a normal 
constituent of another^ environment. 




ns of 



A 



2) 



3) 



Dominance 

Dominance is^a measure of the * 
extent to w^fch one of a pair of 
species dominates the other. 

Relative, abundance f 

Relative abundance ifi'the number 
of individuals of. a population » 
relative to tfie" numbers of 



i 

'i 

i 
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individuals of other populations' 
which have been demonstrated 
% to be significant parts of the 
¥ first population^ environment. 
As a A population property,, it is • 
also useful to develop ideas 
* about the structure of the 
community. 

4) Concordance ' » 

Concordance- % s. a- property of - 
-pair s -ofi-^pecieSr-v-lVmeasures— 



the extent to which they agree th&t 
the environment in which they are 
foumj is a good one to live in, 
^ . Much less useful is the simple^ 
correlation coefficient. 

All these are njaMerical properties » ' 
They are defined* in terms of num- 
bers the significance -of which can 
be tested objectively.' 

b Assemblages of populations - 
communities 

/ ^ — - * t » 

1) Diversity 

Diversity is a measure of the* 
complexity of the* biotic portion 
of an eco&ystem. The greater % 
the diversity th^f greater the 
number of ecological niches, or' 
* "occupations, " occupied by 

species populations. The magni- 
tude of diversity of a community 
is ^function of time and the 
s tabil ity of the environment — 
afijW&ng for the evolution, in situ, 
of niches and of immigration of • 
sp e oi6 s Ir om witho u t . This 
property, which may also be 
defined mathematically, is at 
once a means of identifying the 
community, and a mgans of cor- 
relating its structure with the 
stability of the environment 
• 

-^2) Species •? abundance curves 

If as one takes successive sample 
units frpm thp habitat he plots the 
number of species against the 
natural logarithm of the number 
of individuals he gets a curve 
which is a measure of the density 
of the community. It ha» been 
/demonstrated tha£ a bceak~in the 
( -\ curve m,ay be Interpreted a6 

invasion by the Ampler into the." 
a. habitat of another, community. - 



3) HomBdstasis 

* Homeostasis is the capacity of a 
community to survive in the face ' 
'of unusual stress. It is a function 
of diversity. 



V EVALUATION OF CHANGE IN AN ESTUARY , 
A Criteria 

1 -Community-composition — 

If th6 normal species composition of* 
one* or more communities is known, 
even qualitatively, it maybe used as a 
mean? of estimating the effects of change 
in environmental' conditions. * 

• ' - 
a Indie atpneomm unities 

The identification .of peculiar cpm-I 
t m unities with particular assemblages 
* of physida^ environmental conditions 

may be use.d to indicate the develop- 
ment of such environmental conditions 
- as a result of natural or man-made 
change. • * 

b Indicator species 

The same concept set forth in the 
preceding paragraph may be applied * 
to particular species. 

2 'Population properties \ * 



The numerical properties .of populations 
of species known to be obligate inhabit- 
ants of estuaries may be used as more 
objective evaluations of change resulting 
from alteration df the environment. 



3* ^Productivity 4 % 

" Productivity is a* measure of the rate 
of production of living matter by a 
s pbpulation, a community, or of an , 
entire ecosystem. Although it is not 
easy to measure, it is an attractive 
criterion upon which to estimate the 
economic potential of aTiabitat, or of 
any of the, constituents as well/as the . 
effects upon that potential of alterations 

* in the environment. , * 

i „ 

f ' 18 19 

a Primary or autotrophic, productivity* ' 

4 • 

This is the rate of production of new * ■ 
* liying°matj!?r from inorganic sub- 

stances chiefly by pfeotoSynthesteing ' 
plants. As will be Recalled from pur 
► . , ' * * 
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discussion of trophic levels, we 
have alwayfe to distinguish between 
gross primary production and net, 
the difference being the consumption 
of th$ product by the producer itself. 



>nsumer or heterotrophic 
oauctivity 20 > 2l 



b^ Consumer o: 
pr 



P 



This is the rate of production of 
living matter by herbivores and, <\ 
, carnivores. ^In- species "\Vhere 

populations are feasyto sample; it „ 
^1 is not too difficult to do, 

2% 

c Productivity of the estuary 

From an economic point of view . 
• it becomes eminently desirable to 
be able to estimate the capacity of 
the estuary, as an ecosystem, or 
of. any part of it, through thd 
* activities of its inhabitant species, 
to yield living matters Obviously, 
" c the-description of the estuary as an , 

ecosystem — its physical properties 
. and biotic communities- -must be 
-at -hand in<orderto use this criterion. 

4 Microbiological assays 

tf the capacity of the water or of the 
sediment cn tije bottom of any or. all 
Quarts of the.estuary-to support life 
e and ecQnpmically desirable produc- 
• tivity isjknown, then the effects of 
changesnn these conjstituents-of the 
• environment caii he evaluated by. micro- 
biological assays. This," put simply, 
means assaying the capacity, of water 4 
' or sediment taken from the estuary to 
support growth of populations under 
• " controlled laboratory conditions. • ^ 

- Necessity of Continuing Periodic 
.Observations . r 

Correlation versus regression 



If only spot measurements of physical 
and bjtotic properties -of the estuary^are 
made, one may be lucfEy enough to 
obtain significant correlations, but if . 
periodic measurements are made; 
:rfdt only%will correlations be more < 
acceptably significant, • but also. one 
m^y^be able to^ot regression curves, 
by which change in biotic properties 
iftay be linked v^ith combinations pU " i . c 
physicaTprcipe^ti^^nd their vacations 
over a' period of tinie.^ , , c ^ 



WERJO 



2 Seasonal effects 

An obvious reason fo^ basing evalua- r 
' tion of change in to estuary on 
v , observations. made periodically over 

a long periodtof^time is that the normal 
* * effects of seasonal climatic change 
°have to be taken into account. 

% • 24 

3 Succession . * . ' 

One of the effects*of seasonal climatic 

• * change is the annual succession of ( 
~ populations and communities of organ- 
isms in those parts of the estuary 
where periodic changes are greatest. 

!i ' ~ .One community will arise, prosper and 
fritter away to be supplanted by another. 
Other forms of stress bring this about. 
Catastrophic change, as for example 
the complete covering of an area of 
bottom by flood borne silt will establish 
y * the basis for the beginning of a new * 
succession., introduction of hard sur- 
faces into the environment, or hurricane 
destruction of grass beds or Cfystex; bars 

,v will do»likewise. Knowledge of normal 
stages of sucqession is essential to 
1 reliable evaluation of change. 

VT THEORETICAL AS^EC?TS OF SAMPLING 

A. Necessity of Sampling " „ ^ 

1 Excision of sampling units 

In order to estimafe properties, describe 
• the biota,^ or whatever; it: is in most 
case^.necessary to ^arnple-^to remove 
- -» P portions of the habitat to see what f s in it. 
» Only 7 rarely can one enumerate items in 
~situ, leaving them untouched by the 
process. - 

- 2 Impracticality of whole counts • 

Even where it is possible to count- 

* . ( ^ individuals fh situ in the habitat, it « 
I , is generally physically anH'economic^lly 

impracticals; so wefhave to make do with 

■ , ' ' samples. % v 

x \ ' ' / . 

i - O R *JTC r 

B Necessity of .Programmed^Sampling. ' 

, 1*. Accuracy and precision / : 

a In anyjrtnd of.mensuration, it is 

\ ^ eminently desirable to do it. accyrately. 

if c Accuracy is a measur6;of our con- 

v - *. , fidence that the sampling method we 
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.employ is free of error, representa- 
tive of the^ population we are. samp- 
ling or that the methods subsequently 
employed to* analyze the*sample will 
yield, acceptably close estimates of • 
.the properties of the population we 
have sampled. ^ 

» . • 

Precision is a measure of the 
confidence we have that methods 
employed once will yield unswerv- 
ingly-reliable estimates.- -This is - 
„to„say ihatjwCare , ;depe.ndent_ojuJ__ 
precisibn in order to make 
comparisons.. 



•C Sampling for Community Composition 

- 1 Systematic sampling * 

When we are only trying'to sample for 
qualitative data — to determine what v 
kinds of things we find in the habitat- - 
. and especially when we have a lot of 
' tegjitory to cover, it is best to lay 

down a geometrically regtilarly spaced 
' pattern of stations at which 16 take 
sampling units. ~* 



a Limitations 

Systematic sampling is limited to 
the making 6f' surveys; It is the 
-method oMFeconnaisance. It is 
biased and therefore useless or at 
least very unreliable "for tjie estimate 
pf quantitative properties *of 
. populations. 

b Advantages x ' . f 

• •• • ' . r. 

Systematic .sampling is the method 
of choice whjHi^time knd money are 
limited and only qualitative data - / 
are reqiiired. It is the method of * 
recennaisance. * 

c Spatial and temporal systematic 
sampling. . ' % 

(a an estuary spatial systematic 
sampling may be done at the* inter- 
sections of a grid or at "intervals on 

• transects, -or merelyat regularly 

/ spaced intervals on a midline or even 
, ' with the center of the main channel 
running from the head to the mouth.- 
Temporal systematic sampling 
means taking a sampling unit at 
regularly spaced intervals in "time 
at th& same point in space. 



Sampling for Population or Community 
Properties § 

1 Necessity for control of bias 

Sampling for numerical properties 
demands freedom from bias.. Bias is 
a measure of inequality of the chances 
of individuals being picked up in the 
sample. Freedom from bias is a 
measure of the equality of opportunity 
- oL every individual-being taken- in the- 
sam ple. This is one^of th_e_cxLtexia__ 
for accuracy. 



few 



2 Sampling patterns 
• a Random sampling 



\ 



Random sampling- may be achieve^ 
by laying out a grid, for example, 
numbering the intersections of ihe 
grid, in a systematic manner and . 
taking samples at intersections 
whose numbed are ordered by the 
sequence found in a table, of random 
numbers or the last two or three 
digits in a series on. any page of the 
Manhattan telephone book. Random 
sampling gives maximal freedom i * 
from 'bias, "flat it is difficult and 
sometimes uneconomical to do. ' 



* . b 1 Stratified random Sampling' 

A pattern of sampling which is easier 
to do and still gives a sample almost 
. .as free of bia's a*s a* random sample, 
is stratified random sarh^ling. In 
this case, for example, one may . 
select regularly spaced areas in a 
' habitat and excise units on a random 
' * 'pattern within each. '* „ 

3 Sampling. unit and sample ^ize^ 

The size of the "chunky" for excise 
« from the habitat as well as the number 
of chunks influence the*representative- 
~ ness of the sample. Ifrthe former is . 
„ too small' in relation to the.pattern of 

spatial distribution of what you are 
' Sampling you may get a sample which 
will suggest clumping even though the 
'species is uniformly distributed. If it 
is too large you may get an erroneous 
suggestion of uniform distribution. A 
way to -which bofti birds can be kiljed- 
with one stone is to sample what seem 
/ toie significant species, using three 
. or four Sampling unit siz.es. .As 
successive lots of five sampling units 
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are taken, the cumulative mean*is 
plotted on the ordinate against the * 

* number of units on the abscissa. For 
an unreaystically large sampling unit, 
the curye will be level from the 
beginning. For an unacceptably small 
unit the curve will fluctuate wildly arid 
never level off.^f* For an optimally 

. sized unit, the/curve will fluctuate 
(or deviate) on either side of a certain 

. value at which it will level off. The 
intercept with the abscissa of a line 
dropped from the point of leveling off 

— give &-the-optimal~numbe r-of-s ampling — 
linits, or sample size* The'point of 
leveling off gives as near a representa- 
tion of ihe true population meajl of the, 
species as possible. 



4 -Estimates of accuracy^ 

In Section Bi f . 1 above we defined- 
accuracy a^a property of method. It 
may also, «| course, be* defined as 
a property qt the result. In this case 
it is a measurjf of the closeness of an 
estimate to the trite value. Minimizing 
I* the vari^jn^e whictuis the basis of the 
method des€CT>ed in the preceding' 
paragraph is # a\practical way of ensur- 
ing^ mean which is acceptably accurate! 
Obviously, the larger the sample, the 
smaller the average deviation from the 
mean. This* is a practical way of eval- 
uating the accuracy of a determination. 
Another rule of thumb is not to accept 
an' estimate* which is less than 2. 5 — > 
. times its standard deviation. 

5 Estimating ^precision 

Precision has been defined as an attri- 
bute .which is achieved when acceptable 
accuracy is obtained in a succession » # 
of samples of the same population. 
Estimate of precision may be made. 6y - 
the method of testing to determine the 
probability that^a greater difference/ 
between the means of two^samples 
could be obtained.. If an acceptable 
probability is achieved one* may assume ' 
that the method is precise and that the • 
two samples are drawn from the same 4 
population. * 



vH PRACTICAL PROBLEMS IN ESTIMATING 

POPULATION OR COMMUNITY 
3$. PROPERTIES 1 

* A Methods of Collecting 
1 Plankton 4 ' ?7, 23* 

a Nets 0 



Qualitative plankton nets are funnel 
shaped devices, closely resembling > 
the airport "wind-sock with a con-^ 
-tainer-oirthe smali-enxfc-^They -are— 
made of monofilament nylon cloth of " 
varying niesh sizes. 'They may be 
towed horizontally, vertically or 
obliquely. Even the finest does not 
catch all the plankton. Quantitative 
plankton riets^are 'equipped with ' 
opening and closing devices and with 
meters which make possible an 1 
♦estimate of the amount of waiter which 
has been strained. ' • /• 



b Pumps . V 

* 'Pumps are preferable to nets be- 
"csCuse one can be certain that all the 

• water" t)f the sample goes through the 
.♦net, if that is employed to filter out 
r the plankton. Within the limits im- 

° # posed by the lowering of hose* one 
can know tjie exact depth from which 

* a sample is obtained. T>he bulkiness 

* of hose is a disadvantage. 

c Traps 

Plankton traps are devices which * 
cut off a volume of water, isolating 
the plankton in it. The many kinds 
of water bottles used by aquatic 
scientists faH^into this category. 



28 



2 Nekton 



Nejcton means fishes as a general rule.. ^ 
Being nekton they must be captured by 
conventional fishing- methods. 

a Tagging 

A number of methods for*estimating 
population properties of fishes are 
based on the principle of the effect * 
of the whole population diluting the 
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0 . concentration of marked individuals.' 

A resjult is the development olfa 
. variety of tags with^yWch live fish . 4 
) * are marked and returned to the 
• ■ ; ^ftvh-oniHentr% ' / A 

J Fishitfg-gear 

\l) Hook and line ' 



,2). Maz.es: 



I 
I 
I 
I 
t 
I 



I 

I 

I 




M^zes 'range from hoop or fyke- 
. ' n'ets to .huge stationary fish traps. 

3^Entangling nets 

Typical entangling nets ar£ 
> > # trammel nets which consist of 
three netsrin one--«fwo outside , 
.ones- with large meshes and one 
inside one with small meshes. 

* The fish sv/im through the large, 

# mesh on one side, push the fine 
mesh through the large mesh on 
the other and make a pocket.from 
which they cannot escape. Gill 
nets are made of mesh of such a 
3ize that Jfche fishes push their 
heads through but are stopped by 
the dimensions of their bodies. 
Retreat is impbssible'bec^use * 
their gill opercula hang up. 

4) Encircling nets 

These are the -seines by which 
fishes are surrounded and hauled 
cut on the beach. Purse seines - 
are constructed so they can be 
drawn together on the bottom. 

5) Towed nets ' 

The most widely used towed net ' * 
is the 'oter trawl which is a 
funnel shaped net^whose mouth is 
. kept opep by paravanes as they 
are towed through the water. t \ ** 

, 6) Poigon 

In circumscribed, small bodies 
of water fairly accurate whole 
counts of the fish popt*lations can 
be made by poisoning the water 
with rotenone. * 

4 

c Fishing statistics *\. , 

' * ' , - t 
•1) Annual canvass . 

Thig is an annual survey con- 
ducted to determine nofonly #0w • 



how many fishes were caught by . 
commercial operators, but also 
who went out when artid with what 
kind of gear. 

2) Sales slip 

In some states and countries, 
there is required by law, that all 
who sell fish relay to the Conser- 
vation Department one copy Of 
every record-of safe* -J-^ _ 

3) Vessel landings 

Fishery statistics mayfce accu- 
mulated by obtaining from middle- 
men the records of vessel landings. 

4) Log books 

5) Daily delivery sheets 



6) Fixed gear records 

These are the records of fish 
taken out of fish traps and pound 
nets. 

7) Sport fishing records 

Valuable f is*hing statistics can be 
• obtained through angler f s organ- 

izations and the operators of sport 
fishing lodges, marinas, 'boats, 
and the like. . 

29 

3 Benthos 

%, i 

a Gear 

1) Dredges 



f 



Dredges are rigid box or net 
^ like structures dragged along the 
bottom clipping off the epifcuria- 
or digging in slightly to remove 
' the most superficial infauna. . * 

2f Grabs ~ ' - 

Grabs are deVic^s whifch bite out 
m t single chunks of the bottom. 

'3) Sieve, shovel, tongs, rakes 

On bottom which may be reached 
Wjth tools op.erated by hand, or 
on which a person may wade, any 
of a* variety of! devices may be used 
to sample ;the benthos. . 
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b Fishery statistics 



For information concerning benthos 
populations which are exploited 
commercially, fishery statistics 
of the' sort outlined in the section 
on .nekton may l?e useful. 



B Processing the Collections 
1 Plankton 4,3 

t 

-PUmkton caught in conventional nets 
Usually heed to be diluted to achieve 
concentrations which are workable 

• in the small containers used on micro- 
scope stagey. Plankton caught by 
pump or„in traps usually have to be 
concentrated. 

s a Filtration 

• Small^volumes-as-from-water- — 
, bottles can often be quantitatively 

filtered t>n membrane filters, \he 
counts and identifications beingS. 
, made when the membrane is trans- 

< ferred to a slic^e for microscopic 

< study. Th§ plankton- may be stained 

* and the filter cleared with cedar oil 
, or with Karo syrup. , 

v 

b Sedimentation 

As filtration often damages delicate 
organisms, dilute samples may be . 
allowed to settle out in vessels 
Specially designed for the purpose, 
, the collection then being examined 
preferably by an inverted microscope. 

» * 

c Centrifugation 

A high speed centrifuge of appro- 
/ " priate design will concentrate all 
but the tiniest plankton organisms. 
Because the smaller sizes are lost 
through the meshes of sets and in 
, centrifyging, filtrations and sedi- 
mentations are preferable. 

^Nekton > , " 

Fishes need only to be preserved This 
requires injections, of .preservative inta 
the body cavity ancl exposure to appro.- 
priate concentrations of the 'stuff long 
enough to insure complete inftltra.tion. 

^ * ' - / 
3 | Benthos. r 

Most benthic organisms afe^small and . 
collections taken by dragging or grabbing 



* „ ' usually require careful sorting or 
.sieving to separate them from*sedi- 
ment or other-trash. > « 

C Determinations of Quantitative Properties * 

1 Plankton 

a Density ' 

* — r* x 

Density is given bv -^y— ih which , 

x is the number of individuals in 

each sampling unit and*N is the 

number of sampling units! eaqjressed- 

as units of area* or volume.- The 

values of x may be determined by: 

1) Direct counts of aliquots 

Sniall plankton organises may be 
counted on counting chambers of 

_ the sort used in blood counts; 
larger kinds may be counted in 

_ Sedgwtck-Ratter" cells or any 
other small /Heh or container 
which may^e scribed or calibrated 
to faciHtat/\ounting. 

2) Cultures 



h 1 



• The populatiorudensitids of phyto- 
plankton species may be estimated 
by ^uch rriethods as the dilution 
technique. 

3) Estimates of chemical parameters 

^Determination of the chlorophyll, 
' particulate carbon, "organic 11 
phosphate or carbon of samples 
maybe used to estimate popula- 
tion density. 

2 Nekton 28 # 

a Determination of meristic characters- 

Meristic characters such as the 
number of vertebra^r the number • * 
and distributions of scales, and 1 
certain body proportions of fishes 
have been shown to*be related to 
environmental influences. TRe 
" important thing \o remember is that . 
Qne should be quite rigid about making 
Hfs counts iri the same places*. i 

' b Age determinations 

' r .'**•< 
. The age of fishes can be determined t 
& by any of a number of mean5. # 
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' . 1> Scries J . s r 
' i f . * " ^ 

* The scales of'boay fishes have 
annual rings wfiiclTxnay be „ 

• counted, ^ 

2) Otoliths * '* 

Otoliths ?rfe concretions fotu\d . 
^ in the auditory labyrinth of \ 
/ ' fishes, The* successive layers 

, - areTlaid down annually, . so 

„ ^- S ectfcms~of thes^struqtux'es^ 

reveal the fish 1 s- age, 

3) Vertebrae 

' * * * ' # * — 

Similar annual concretions are 

. > ,found in- the centra of some 

* * fishes' vertebrae, * A 



m * b) Age frequency*! 




\ A) SpixTes and rays . , 

Annual increments of growth can 

• be detected in the bony spines 
and rays found in f ishes'-fins, 

' 5) Tagging. 

By capturing fishes, tagging 
i them wiljji date-bearing device^ 
arid releasing them, recapture 
gives an accurate determination 
' of age- since 'the date of taggiiig, 
•fif fishes known to be in their 
first'"year are so tagged, the age 
'• * * in years is of course known 
completely* ' 

> Length - frequency .# ' - 

• * -> L * - ' ' 

For niaiiy fishes-^particlilarly 
exploited species which occur ip. 
' estuaries --the average length 
* / achieved at particular atg$s is 
J kn6^frn. The frequency witjfc^ 
* which a certain length appears 
v in a sample can thus serve aa 
an* estimate of age, 

<r * " 2ft 30 31 

# c Estimates of properties 60 * * w * 



1) .Density * 

, a) A^ea density . , * u 

• This ifc the humbe* of Individ*- 
' v> tiafs per unit area, given, aa 
we have seen above by 

ex j »'<m< . ' 



Here one accumulates data, 
on the frequency with which 
age groups appear it) the catch. 
An age-frequency curvfe is 
plotted, t From this we get 

—Sn ^Btimate of mortality— the 
rate at which individuals 
are being removed from the' 
population. We tjien.get an^ * \ 

~ , estimate of total, pppu^tion 

density i>y~diytding thetotal - 
catch by th$ mortality rate* 



c) Capture -marker ecafrtur e 

Assuming that tagg ed fish 
behave like untag^e?TtnemberS' 
of the population in all* respects, 
, that loss of tags is proportional 
in different years, and that 
there is no variation in fishing 
activity, population density can 
be estimatecTon the basis of — 
dilution of a proportion of 
tagged fish by ^he y population as^ 
a whole. The .simplest equation 
for this method is 



N X 



M 

TT 



v 
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in which P equals the popula- 
■ \tion density, N is the total 
catch for the sfeason, M is 
the number of fishes originally 
marked ,and released, and R 
is the number, of these which 
are recaptured. There are 
more elaborate ^ays-of doing 
this when the above assumptions 
break down. . 

' - • 

-d) Regression ~ 

This method is based orj the 
fact that the decrease in the 
catch pter unit effort which 
results from depletion of the 
population, is a function of 
the extent ;of*thfe depletion. It 
is assumed, that there is no 
migration in or out of individuals 
of the age. grolip in question, 

2) Growth and age at first maturity 

. This property is determined by, 

correlating the* length of fishes 1 
. " with the appearance of some • 
structure, or state of development 
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of s.ome part of the reproductive 
.system taken to indicate the 
onset of maturity* 



,3) Recruitment 

Estimates of recruitment depend 
, not only on tabulating the propor- 
tions^ age-groups in the catch* 
~1nrt^s^n4helcMch^^ 
the recruits, ~~ r 

• h , ' ■ ; . ' 

j|).MoirtaHtyjyersus„survival: : — 



. D "Properties of Pairs of Species - 
Significant Associations 7 

1 Determination of significant 
associations , 

! a Indices of affinity • ] , 

One way of estimating affinity is 
with the 2 X2 contingency table 
- — — j_____which will give the expected ^ 



This, as we have seen, depends 
on determining th6 proportions 
in the total catch' of different age 
groups. A plot of thd decrease 

: in numbers of individuals per age 

group with the passage of time , 
give's a survivorship curve. ' 
The reciprocal of this is the 
'mortality. 

5) Frequency 

Frequency is a statistic which is 
useful in estimating the status of - 
a population in the community* , 
It is the number of times the * 
" * species appears ih each sampling 
unit divided'by the number of 
sampling units and multiplied by 
100. 

6) Fidelity-* ' ' ■* * 

As we have*seen, this £s a< - . 
measure of the Consistency with 
'which a species appears in \ . 
samples. It is a measure £tf the' 
.extent to which a species is 
restricted to a 'particular habitat. 
0 It may be determined by express- 
ing the difference in frequency of ^ 
a species in two samples as a / " 
proportion of the lesser value. 
It ranges from 0*to infinity. 



3 Benthos . - 

y The population propertied of benthic 
' ( species^ which may be* qf'us'e in evalua- ^ 
3 ting change in environmental factors , 
are e&sentially the same as' those listed 
for nekton. There are others, of 
• - course. - : 



E 



fr^ueh^y^th"wnich-yx)Ujwin ,get^ 
i_ samplingjmits^with A alone,. B 
alone, A and B, ?uid neither. 
Comparison of the expected with the ' 
observed is done and an appropriate 
test for the probability that you will 
get a greater difference, or'the 

_pr obability _thi*t the ? diff erencjcia I— 

due to more than chance gives you 
an indfcx of^affinity. There are 

* others, 34 

— — •** « 
b Correlation coefficient 

' • °- 
' A positive correlation coefficient, 
the* formula for which'can be foiihd 
in any goad statistics text, gives 
an estimate of the necessity for A , 
being°a part qf B's enfaronment or 
vice versa/. A negative coefficient 
shows the extent to which one is ^ 
bad for the other' ( * . 

<: Rank correlation^ oeffieient 

, ^This is easier to do. It is also a 
- means of-estimating whether one 

* species benefits by the presence of 
the other or is harmed by it. The 

- ^ procedure can best be obtained b^ * 
• going to the original source. 32 ^ 

Properties of Assemblages of Populations-* 
Cpmmunitiep ; * ' 

a l .Properties based on relative abundance 



a Dominance 



J 



^33 



As suggested by Sander^ w " this 
may.be computed'by first "ordering 
the species in e$G$ sampling unit ^ 
in tsijm^.of'the number ^>f individuals. 
The individuals arMfreh jammed i n 
ordej^starting with th^mo^t abundant* 
species.- *T^ic3se' sgeotes tvl^chhave 
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uded in the summation^ 
when it reaches the value o&half 
the total number, of individuals 
present in the unit are the numeri- 
cal dominants of the unit; <Ehe 
frequency of this ddminance is an K 
important estimate of the significance 
of the species' presence in tner 
'community*. 'Other ways of com- 
puting doxjirtnanQe are offered by 
Fager f * 7 *~ y 34 




I 

I 
I 
I 

r o 

I 

at 

I 



As already stated, conoprdancelS"^ 
an estimate of the- extent .of agree-- 
• ment between specie^ as to whether 
or not tiie habitat in whi ch they are , 
found is a good one in which to live." 
The method by which.it is computed 
is given by Kendall^. While not 
pjarticularly difficult, it is a bit too 
elaborate for, inclusion here. ^ 

Properties based on affinity and 
diversity \ 



' c Species' abundance*curves • 
/ * • - ' ' *- 

Species abundance curves are ' 
obtained by plotting the number of » 
-» species against the logarithm* pi the 
• number of individuals as sampling 

- units accumulate'*- For any one 
community, a curve of this sort . 
should be a constant. ' 
> , V 

• , r v • - . , ~ 
Vm - ESTIMATION S PRODUCTIVITY 

A Primary*or Autotrophic Productivity .// 
T^hytopTanktoni^ 

a . Light apd dark bottle method 



va 



Affinity ^ 

OneTpf the most effective ways in* 
'Which to "determine from distribu- * 
iional. data what spectes found in a 
sample are significant members of 
thfe community is/F^gpr 1 sH deter- 
"mination of recurrent groups. 
' .This is.based on the ^XS^ contingency 
type^Qf index of* affinity. Jjfis^JOt , 
too difficult and is invariably „ ^ 
repeatable by any succession of 
persons who follow the rules. 



Vb Diversity ■ 

v. J **' ' - 
A number of indices of diversity * 
which are, used as 4 a means of dis- . 
- tinguishing betvireen ; communities 
have been devised. *. An index based 
4 "on the relatidnship of the number of 

species tq th^ ■ logarithm of the 
h . ' area Ii^om whibh they weje pollecte* 
was proposed liy Gleasoiw 6t> \ . 
' Derivatives df this have beep pro- 
* . posed by others/- ;Sa£ders* e * 1^ , * 
also dc^velcfced ^^dpx.of^dixeftity . 
; whiclr^cajmbibe-used fp^ 
Ing £etw*$rf coxnmuhitlesbat wfiich 
- ♦ is u&d Jo estimate'tlye: relation ^ 
- , between diversity and environmental" 
stress; 7 \. $ * . ' 



• Replicates of three glass stoppered 
bottles are filled to overflowing. with 
a phytoplankjton suspension. Two 
are clear; the third is coated all 
oven with light-proof paint* The 
1 dissolved oxygen in one of- the clear 
ones is determined.- *TheVother two 
are exposed to light for four hours 
and.ihe dissolved oxygen in each . 
' determined. Since oxygen is a pifo- " 

* duct of photosynthesis and the amount 
is proportional to* the carbohydrate 
produced, the increase of "dissolved * 
oxygen in the second clear T>ottle 
corrected for the decrease in the , - 
dark bottle is a measure of photo- . 4 
synthesis hence productivity. 

. J? C 14 Method 18 * 

A v measured amJSnt, of radioactive 
',CO^* as bicarbonate is added to a > „*• 

sertifes of Replicates of bottljes fitted 
t / to 'overflowing with a phytoplankton v 

suspension. 'After a period of ' 
s ' \- exposure to light, the contents arft 

• I filtered tiirou^mimbrarfe fiKers. 
\ r The ratUoacttvfty of the latter is a 

' 49eas tf re of the COo ta^eni up lay the ^ 
phytoplankton. /^he.'CQo is propor- 
tional t9 the carbohydrate produced^, 
by photosynthesis. . * 
['I ■ * v » * * * 

tf. iJigher aquatic -^^S 

fc a Change, in biomas^J' " * • V 

'An increase in.bioma^a. as weight 
. of representatiye j3 ample s qjLthe y 
I higher pluts .jm'r. a? period- of time 
. « . is a measure offproductiyity* - v ^ 
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, ^ f . ■ - + 39 
b Dissolved oxygen 

In ^narrow, shallow estuary, 
changes in the oxygen content over 
a twentjr-f our hour period of the ' ' 
water Hawing over a grass bed can ' 
be used asjui estimate of the bed's 
• • • , productivity* "* • 

3 * Sa&-£narshes 4 ? ' 

a Grass productivity. 

The productivity of the marsh 
f gr^ss over a period of time is best 
estimated on the.basis of change in 
"biomass. 

-\ — b— Detritu^_productiyity 

Periodic coEection of detritus 
carried off the marsh by the falling 
' tide may be used as a basis for - 
estimating, by weight, the amount 
„ of detritus produced by the salt 
m , • *marsh. , 

B Consumer or HeteYqtrQphic Productivity 

Consumer, or Tieterotrophic productivity 
* f cannot easily be routinely estimated by » 

laboratory procedures. We are therefore 
9 dependent 'on population statistic obtained* 

by sampling programs or from the 
. fisheries. • - . • * 
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CASE PREPARATION ANDXOURTROOM PROCEDURE 



I TYPES OF PROCEEDINGS IN W r HICH • 
WATER, QUALITY EVIDENCE MAY 
BE USED , a ? 

A- Administrative Proceedings 

1 Rulemaking ( * 

° 

a Setting uf) of regulations Tiaving " 
general application, e.g., stream 
1 classifications and implementation 
*plan target dates • * 

b . factors of safety and absolute 
prohibitions may be appropriate * 

Jl Adjudipations 

^-^a-^lDeterminations by agency having 

expertise with resgect to particular 
discharge or discharger, e.g., 
> approval of plans and specs and f 
v time schedule ^bf particular 
■ * ^discharger x . 
• <t 

B Court Actions * 

> , n.* 

• 1 Civil in behalf of state or federal 
government m , 

a Auctions. to compel acti<jn or Sus- , 
? pension of actipn - nuisance, health 
* * hazard, -etc.', --including court 

action following federal conference 
*• -hearing procedure \ 



b Violations of Water Quality Standards 

. ■> 

c Violations of Effluent Standards, or 
discharge permits 

■d Tort qt contract actions relating to 

• * design and/ or operation of treatment 

facilities • , 

2 Criminal (dependent on .content of - 
* applicable statutes). irt L " * 

• ,*a' Discharge of specific materials, 



b Discharges from specific industries 

• V 

c Littering 

d Discharges harmful to fiqfc and/ or * 
crustaceans ' \ \ 

e Discharges harmful to specific , 
- types of receiving waters * 

f , Discharges of*poisons 

NOTE- -In seme of these ijsituatioiis 
/doing the act m^y constit ute 
the violation; in others 
0 pr9of of intent or knowledge 
/ of effects may also have to 

be prove*d. ^ 

3 Private actions for damages of 
to compel action. 

a- Alleged harm, to plaintiff, e.g., 
pollution of stream killing animals 

C Procedural Matters 

1 See Attached sheet "Administrative . 
and Court Proceedings 11 on Burden 
of proof, fact finding, and methods of 
* \ -presentation of evidence. 

D Classes of Evidence - General Rules 

1 Facts.- direct 

a The material was floatipg from 
the outfall, 

'2 Derived values - expert Jestimony 
/ - test results and/ or opinion as to * 
effects 



W*Q,le,la, ZM . 



, , a The. D.O. f ^was zero;. the waterway 
was polluted; the plant can be built 
in 6. months. 

3 Hearsay 

a Joe told me % . 

t' . 
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4 Relevancy 

5 Admissibility vs. 'weight . 

a Even if admissible, the weight to be 
given is up to fact finder --credi- 
bility, . ^ 

Admissibility of Results of Sampling 
and Testing (Numbers) 



\ 



F Admissibility of Expert Opinion on 
Causes and Effects 

1 Who has special knowledge - and of 
• "what particular areas? 



2 Indicators 



1 Sampling 
a Chain of custody - 
b Tags, etc. 

c Containers . . * 
d Place and time 

e Retention of samples (Proving that 
the .sample represents what is at 
issue in the action (relevancy), th&t ^ 
there has been no opportunity for 4 
tampering; and availability of * 
portions for^analysis by other side 
(non-transitory criteria).). * t 

2 -Analysis 

a Who performed (Can- identity of 
each participant be shown?) 

b ' Admission through supervisor - 
custodian^ 3 

c "Scientific acceptance of method. 

Is &ere a particular method required 
to be used by the agency? 

» d Propriety, of conduct i f 

e Retention: of bench cards and other 
* indicia of results* ■ (Your^tttorney *, 
can make arrangemenjs^fo substitute 
copies fcr/origiiiklB). 

3 Tests 

a Comparison with actual conditions 

b Mathematical models - how can a 
computer be cross-examined? 



3 Significance of numerical determin- 
ations or observations 

4 Consistency with own prior publications 
and testimony ' >- , 

5 Have underlying facts been or need to 
be proved- -first bland information of 
this and/or comparable situations. 

6 Use of treatises 

G Conduct on the Witness Stand * 

. 1 General 1 
!> 

£ On direct - know what counsel will 
ask and let him know' generally 
what you will answer, but don't 

- make it" sound rehearsed. 

^ b Use layman's language to extent 
possible. 

c Listen to question and answer it ' 
to be^t of your ability. 

d Speak so that court reporter, judge, 
jury, and counsel can hear you, 

e Speak in language that wiirbe ^ 
understood; don't ,talk down. 

f Answer oi)ly what you are asked 

--don't volunteer; however, answer 
~ * with precision. 

g Therfe is nothing^wrong with asking 

to have £t question repeated or 

rephrased. 

j* j* ** — 
^ *\ . 

h^Th'ere is nothing wrbng with saying 

• . thax you consulted with! your " 

attorney befope^bu' testified, but 

beware of ttfe question "Did Mr. X % , 

tell you what to say ? 11 
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Case Preparation and Courtroom Procedure* 



i There is nothing wrong with thinking 
?v out* your answer before responding. 

j You are pot expected to know all 
the answers- -if you do not know, 
■? admit it. 

k Don't attempt to answer questions 
^ outside your area of personal 

knowledge ^hearsay) or beybnd your 
^ "expertise. (Yjayr.rfiay be an expert 
pn conducting laboratory tests, but* 
not on epidimeological inferences 
from results). , 

1 Donlt try to answer before the judge 

* ' rules on objection. . s 

*m $how that you are an impartial ' 
dispenser of information and/ or 
opinion, not a protagonist.. , 

n Don't be afraid to a^piitwhat may 
\ * appear to be damaging.^ 

If you are testifying as arjt expert: 

a Establish .qualtfications give ■ 
information relevant to your area 
of, expertise -- educational (in- 
cluding this course?), work, 
publications, number of times you 

* haye testified previously,' 

b x DiffeVentiate between physical'facts 
;* , ( measurements and^observatiofts) 
* and opinion (derived values) . 

c Be prepared to discuss theory (in- 
■ eluding assumptions) instruments 
used, techniques(including choice 
of a particular technique ),.physical 
limitations and errors, inter- 
ferences. „ - 

* d If experiments were conducted, 

be able to justify both as to theory . 
. suid relevancy to this litigation. ^ 

K $ I£ you're being paid to testify, 

admit it: » * 

• r * 

' 3 , Scientific personiiel as a'dvis^rs to 
" counsel: 



a ReviewTand-refamiliarize self with 
materials before you discuss with 
your, attorney. 

b Be in: a position to present all facts 
known to you simply and concisely: 
• - Who; What, When, Where, and 

Why, How. 

v *~ ' 

c Don't overlookvfacts and/ or test 
.resul ts becau se you don* t think 
they're important. Let attorney 
• decide what he needs. 

d Use* of standard report forms 

e Ability to recommend additional* 
witnesses with needed specialized 
✓ knowledge 

f Ability tQ aid in cross-ekamin^tion 

of other side's experts and reconcile 
* opinions and/ or results 

g Be candid - sometimes ^better not 
to start a lawsuit or accept a 
settlement than lose in the end. 

H Non- Verbal Presentation of Evidence 

1 Exhibits - including photographs 

2 Summaries * / t , 

/ 

3 Business and/ or government records 

a Prepared contemporaneously and 
in usual course of activities 

4 Pre-prepared direct examination 

a; Usually limited to actions before 
ICC, FPC, and other federal 
agencies. ' 

\ * 
I Criminal Procedure * 

1' Privilege Against Self Incriniination 
(available only to persons) 



a Warning and suspects 

b Effect of duty to report spills 



4 
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c Effect of duty to^obtain license or 

permit and/ or furnish operating 
* reports 

A fiffi5umty N from prosecution 
2 Double Jeopardy 
"3 Unreasonable "search and seizure 



a ^ Available to persons and 
corporation^ " 



4 Procedures and need for arrest and 
search warrants --po'ssibje cause * 



This outline wa*s prepared by David I. 
Shedroff, Enforcement Analyst, Office of 
Enforcement and General Counsel, 
Cincinnati Field Investigations Center, 1 
5555 Ridge Avenue, Cincinnati, OH 45268. 



Descriptor^; Courtroom Procedure, 
Law Enforcement, Legal Aspects, Sampling, v 
Water Analysis, Water PoUutioh* * 
Control, "Wates Quality Standards 



1 



> 



Administrative & Court Proceedings, 

- ■ a. \ y ' ^ 

- and Excerpts,from Revised Draft of 

Proposed Rules of Evidence for the • 
United States Courts can be found oh the 

following page^r • **' 
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ADMINISTRATIVE & COURT PROCEEDINGS 



Court or Agency 

State Pollution Control 
Agency 

Rule' m aking- adjudr-- 
cattion 



Fact Finder 



Agency 



Burden of Proof 

As per statute - 
usually .weight of 
evidence. 



Comments ' \ ' 

Hearing may.be conducted by hearing 
examiner, agency member, or full 
agency* Appeal may be on facts and 
law or law alone, depending on statute * 



"Federal water Pollution 
Control Act * 



Conference 
Hearing , 4 
Court 

Court 

t, * 

Civil Case — 
si ? for money only 

. - injunction 

preliminary or 
% temporary 

\ ' ' ' 
permanent 

- administrative* ■ 
appeal. 



Criminal case 
includes, penalties 
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Head of agency 
Hearing Board 
Judge 



"Reports acceptable. ^ 

Specific testimony. 

Uses prior material, and may take., 
additional testimony.' 



Weight of evidence 



Must show immediate 
'harm or danger-. \ 



¥ Judge or jury* 

Judge 

, ^ % 

Judge 

Judge -o whether 
"arbitrary and 
capricious 11 or sub- 
stantial-evidence. 



Jury. unless, waived. - Beyond reasonable 
1 , doubt. 



Must also show likelihood of success at 
final hearing'- bond required for non- 
government plaintiff. 

Usually clear and convincing. '"Balance Equities' 1 



v 



Sometimes bave complete new trial. 



Proof of intent may ^j^required. 
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Excerpts from Revised Draft of Proposed. 
, RULES OF EVIDENCE FOR THE UNITED' STATES* COURTS 



GENERAL PROCEDURES . > 

Rule 102. 



PURPOSE AND CONSTRUCTION- 



These rules shall bfe construed to secure fairness in administration, elimination 
of unjustifiable expense and delay, and promoti^-krf growth and development of 
. the law cff evidence to the^end that the truth may Ije ascertained and proceedings 
justly determined, * / ' ' * " 

< ^ # * * Rule 101. . . ' 

. PREiJmINARY QUESTIONS 

• S 

*»(a) Questions of Admissibility Generally.^ Preliminary' questions concerning the 
qualification of a person to be a witness, the existence of a privilege, orHhp 
admissibility of evidence shall be determined by Jhe judge, subject to the pro- 
* visions of subdivision (b). In making his determination he is not bound by the 
rules of evidence except those with respect to privileges. 

• (b) Relevancy Conditioned on Fapt. When the relevancy of evidence depends upon 
the fulfillment of a condition of fact, the judge shall-admit it upon, or subject to, 
the introduction of evidence sufficient to support a finding of the fulfillment of the 
condition. * ' ' ' *' . 
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Rule 615. 
, • EXCLUSION OF, WITNESSES 

- • ' ' • / 

At the request of a party the judge shall order witnesses excluded so that/they 
. c&nhqt hear the testimony of other witnesses, and he.may make the ordgr of his 
own motion. This- rule does not authorize exclusionnof (l)'a p^fty who is- a natural 
person, or (2) an officer or employee of a party which is.rtot a natural person . I 
designated as its representative by i^s^attorney^-or-XS) a person whose presence 
is shown by a party to b6 essential t& thif presentation of *his caus£. v 1 v 

...... ' ' f yr : ■ -/* 

" ' r ' \ * * 

. Rule 61\L. 1 

MODE AND OfJbER OF INTERROGATION AND PRESENTATION , > 
* « • *■ * • 

% (a) Control by Judg6« The judge may exercise reasonable control oyer the mpcle , 
and order^of interrogating witnesses and presenting evidence so as to (i) make the 
^interrogation and presentation effective for the asce^ainmeijit of the truth, (2) avoid 
needless consumption of time, and (3) protect witnesses ifrbhrharassment or undue 
embarrassment. , * : ~ t ^ 

(b) Scope' of Cross-Examination. . A witness maybe cfcoss-examined on &ny ixiatter 
relevant to* any issue in the case, including- ( eredibility # ''in the interests of; justicfe, * 
the judge may limii cross -examination with'respfcct to matters not testified toon w 
cttrect examination. , \ 7 « # + % 



J-^Rule 613. • _ > V 

- ' V ^ PRIOR STATEMENTS OF WITNESSES 

(a) Examining Witness Concerning Prior Statement, {n examining a witness 
concerning a„ prior statement made by him, whether > written or not, the state- 
ment need not be shown or its contents disclosed to him at that time,, but on 
request the same shall be sh*own s or disclosed to opposing counsel." 

• . i 

JUDICIAL NOTICE 9 

\ • v > 

, % Rule 201. * 7 

" . ' JUDICIAL NOTICE OF ADJUDICATIVR FAeTS — ~- 

. > * \ 

(b) Kinds of Facts. A judicially noticed fact must be one not .subject to reasonable 
.dispute in that it is either (1) generally known within the territorial Jurisdiction of 
the trial court or (2) capable of accurate and ready determination by resort to 
sources whose accuracy cannot reasonably be questioned. 

(g) Instructing Jury. The^judge shall instruct the jury to accent as established 
any fects judicially noticed. ■ - % 

RELEVANCE 

m 

** m Rule 401. 

*V DEFINITION OF "RELEVANT EVIDENCE" 

"Relevant evidence 11 means evidence having any tendency to make the existence 
of any fact that is of 'consequence to the determination of the action more probable 
or less probable than it would-be with-it fee- evidence. ' • 

s • Rule 402, ^ - 

' RELEVANT EVIDENCE GENERALLY ADMISSIBLE; 

IRRELEVANT EVIDENCE INADMISSIBLE ^ 

All relevant evidence is admissible, except as otherwise' provided by these rules, 
* by other rules kdofcted. by ^the Supreme Court, by Act of CongresS, or by the 
Constitution of the' United States. Evidence which is not relevant is not admissible. 

- , V \ . ' k • " . ' * 
COMPETENCY OF WITNESSES * . \ .* " 



Rule 601. 
GENERAL RULE OF dOMPETENffcY 



Every person is conlpetent.^o be a witness except as otherwise provided in these 



RvXe 602. 
LACK OF PERSONAL KNOWLEDGE 



A witness may Hot testify to a matter- unless evidence is introduced sufficient 
oto support a finding that he has personal knowledge of the matter. Evidence to 
prove personal knowledge may, but need not, consist of the testimony of the 
witness himself. .^This rule is subject.to the provisions of Rule 703, relating to 
opinion testimony by expert witnesses. 



EXPERT TESTIMONY 



Rule 702. . 
TESTIMONY BY EXPERTS 



If scientific, technical, or other specialized knowledge will assist the trier of 
fact to understand tjie evidence or to determine a fact in issue, a witness qualified 
as an expert by "knowledge, skill, experience; training, or education, may testify 
thereto in the form $f an opinion or otherwise. 



- . Rule 703. 

BASES OF OPINION TESTIMONY EXPERTS 



♦The facts or data in the particular case upon which an expert bases an opinion or 
inference may be those perceived by or made known to him at or before^the hearing. 
If of a type reasonably relied upoji by experts in the particular field in forming 
opinions .or inferences upon~the subject, the facts or data need not be admissible, ^ 
in evidence. 



Rule 705. 

DISCLOSURE OF FACETS OR DATA UNDERLYING EXPERT OPINION 



The expert, may testify 
therefore without 
judge requires' otllet*wis,e 
the underlying, faiclts 



in terms of opinion or inference and give his reasons 
prior v disclosure of the underlying facts or data, unless the 

The expert may in any event be require^ to disclose 



or data^on cross-examination. 



Rule 706. , 
C&URT APPOINTED EXPERT^ 



lime 



(a) Appointment. 1 jThe judge may on his own motion or on th^motion of any f } 
party'enter an orcer to show cause why expert witnesses should x not be appointed, 
and .may request tie, p arties to Subm it nominations. The judge may appoint any 
expert-witnesses agreed upon by the parties, ahc^may appoint wi6tess0^Of"hjts-~ 
own selection. An expert witness shall not'be appointed by the judge unless he 
consents to act. JV witness so appointed shall be informed fcf his duties by the 
*judge in writing, a copy ofwhich i3hall be filed with the clerk, or at a conference 
in which the parties shall have opportunity to participate. A witness so appointed 
shall advise the parties of his findings, if any; his deposition may be taken, by any 



^rtyjandhemay 



toTcrossTexaminatipn by^each party, including^ party calling. him as a^witness 



be called to testify by the judge or any party. He shall be subject 



HEARSAY 



Rule 801.. 
DEFINITIONS 



The following definitions apply under this Article: J - : • 

(a) Statement. A "statement" is (1) an oral or written assertion or ^ 
(2) nonverbal conduct of a pSrson, if it is intended by hifa as_an assertion.^ 

• * * 

(b) Declarant. A "declarant) 1 is a person who makes a statement. . 

(c) Hearsay. "Hearsay" is a statement, other thepi one made by- the declarant 
while testifying.at the trial 6r hearing, pffered v in evidence tch prove the truth 
of the matter asserted. % . * • 



' Riile 80^ 
'HEARSAY- RULE 



Hearsay is not admissible jjjfesept as-provided by these rules or by other rUles 
adopted by the Supreme Court or by Act of Congress, 



v / ^ : Rule 803. 

HEARSAY EXCEPTIONS: AVAILABILITY OF DECLARANT IMMATERIAL 

The following are not excluded by the hearsay rtile, even though the declarant is ' 
available as a witness: • 

. I 

1 (5) Recorded Recollection. A memorandum or record concerning a matter about 
which a witness once "had knowledge but nojv has insufficient recollection to enable 
him to testify fully and accurately,/ shown to have been made when the matter was 
fresh' in his memory and to reflect that knowledge correctly.. If admitted, the 
•memorandum or record may be read into evidence but may not itself b^eceived 
. as an exhibit unles^offered by an adverse party. * ; - • • 

(6) Records of Regularly Conducted Activity. A memorandum, report, record, 
or data' compilation, in any form, of acts, events* conditions, opinions, or 
diagnoses, made at or near the time by, or from information transmitted by, 
a person with knowledge, all in the course of a regularly conducted activity, a$ , 
.shown by the testimony of the custodian or other qualified witness, unless the 
sources of, information or other circumstances indicate lack of trustworthiness. 

/ (18) Learned)rreatises. To the extent called to the attention of an expert witness 
upon 1 cross-examination or relied 'upon by him in direct examination, statements 
contained in published treatises^ periodicals, or pamphlets pn a subject of 

_ ..history, jmedicine,, or other science oVart, establishedjas a reliable authority 
by the- testimony or 'admission of the witness or by other expert testimony or by 
judicial notice. If admitted, the statements may be read into evidence but ma£ 

. nQ j ^ rece j vec j as exhibits. — . — — ' — ■ ~ O 
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• IDENTIFICATION OF PERSONS AND SAMPLES 

Rule 901. \ 
REQUIREMENT OF AUTHENTICATION OR IDENTIFICATION 

(a) General Provision, The requirement of authentication or identification as a 
condition precedent to admissibility is satisfied by evidence sufficient to support 

% a finding that the matter in question is what ffs. proponent claims . m # 

(b) Illustrations. By way" of, illustration only, and not by way of limitation, the 
following are examples of authentication or identification conforming with the 
requirements of this xule> . 

(1) Testimony of .Witness with Knowledge. Testimony that a'matter is what it is 
claimed to be . , 

* (3) Comparison by Trier or Expert Witness . Comparison by the trier of fact or 
b,y expert witnesses with specimens which have been authenticated. 

* 

(9^ Process or System . iMdence describing a process or system used to produce 
a result and showing that the process or system produces accurate result* 

* * - 

A DMISSIBILITY AND PROOF OF SggCIAL MATTERS . „ " \.<. 

* — ■ ■ * ■ . 1 1 1 • • ' 

Rule' 406. \ 

•.HABIT; ROUTINE PRACTICE . • r ~~' 

< , - 

- (a) Admissibility, EJvidence^of the Jiabit of a perspn or of the routine pratifice of an 
organization, whether corroborated pr not and^regardless of the. presence of eye- 
witrfesses, is relevant, to prove that the conduct of the person or organization on a 
particular occasion was in conformity with the habit or routto^praQtice^. 
J. * ^ i • / \ , \." \ 

(b) Method of Proof. Habit or routine -practice may be proved by testimony in the 
form'of an opiniorior by specific instances^of conduct sufficient in number to warrant 

* a finding that the fia^jit existed or that tl^e practice* was routine. 



Pule ^612 . - ' 

u & . ' WRITING ^USED. TO REFRESH MEMORY , ; 

" *" ' . Q ' ^ ' ' 

♦ If a witness uses a^writing to Refresh his memory, either before or while testifying, 

an adverse party ^s entitled to )iav£ it produced at the hearing, to inspect it, to 

Q , cross-*f xamix^tfee witne&s thereon, and to introduce in evidence those portions which 

Relate to the tejt^ony^l^witnjss.' * ... ' ^ 

* ' j . > £> . . Rule, 1006.. ' * - 

*" », ." ' - v SUMMARIES * ^ N . **~ 

i§ %The contents of voluminous Writings, reqordings, or photographs which cannot 

conveniently b^ examined in court -may be presented in the form of a' chart, Nummary, 
or calculation. The originals^ or ^duplicates, shall bfe made .available for examination 
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or. copying, or both, by oth^r parties al a reasonable time and place,. The 'judge may 
order thatHhey be produced - in Court. * V ' < 



